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DEVELOPMENT OF A COMPUTER PROGRAM TO OBTAIN ORDINATES 
FOR NACA 6- AND 6A-SERIES AIRFOILS 

By Charles L. Ladson and Cuyler W. Brooks, Jr. 

Langley Research Center 

SUMMARY 

A computer program was developed to produce the ordinates for airfoils of any 
thickness, thickness distribution, or camber in the NACA 6- and 6A- series. For the 
6-series and for all but the leading edge of the 6A-series, agreement between the ordi- 
nates obtained from the new program and previously published values is generally within 
5 x 1<T 5 chord. Near the leading edge of the 6A-series airfoils, differences up to 
3.5 x 10 -4 chord are found. The program which is given in the appendix will also produce 
plots of the nondimensional airfoil ordinates and a punch card output of ordinates in the 
input format of a readily available program for determining the pressure distributions of 
arbitrary airfoils in subsonic potential viscous flow. 

INTRODUCTION 

The NACA 6-series airfoil sections were developed in the early 1940's, and discus- 
sions of the method of the derivations and the resulting ordinates have been published in 
references 1 and 2. As aircraft speeds increased, more attention was focused on the 
thinner airfoils of this series. However, difficulties were encountered in the structural 
design and fabrication of these thinner sections because of the very thin trailing edges. 

As a result, the NACA 6A-series airfoil sections were developed, and details of these 
have been published in reference 3. Essentially, the modification consisted of a near- 
constant slope from about the 80-percent chord station to the trailing edge and an increase 
in the trailing-edge thickness from zero to a finite value. 

Recently, parametric theoretical studies have been made to investigate the use of 
these airfoil sections for both rotorcraft and conventional aircraft. The results of one 
investigation are presented in reference 4 and show advantages of an NACA 6-series 
cambered airfoil for use as a tail rotor on helicopters. It was tedious and expensive to 
make these studies because no method was available for calculating the desired ordinates 
rapidly and accurately. Because the 6-series airfoils do not have an analytic expression 
for the ordinates, use must be made of the ordinates published in references 1 to 3. 

Also, the ordinates are not linear with variations in thickness-chord ratio so that airfoils 



obtained by linearly increasing or decreasing the ordinates of an originally derived shape 
will be approximate, as mentioned in reference 1. The published ordinates have been 
cross-plotted as a function of thickness and published in reference 5, but the values must 
be read off the graphs and only 26 longitudinal locations from nose to tail were available. 

An attempt, using a derivative of the NACA 4-digit series, to provide a computer 
program for ordinates of the NACA 6-series airfoils was made in reference 6. However, 
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as stated in the reference, the resulting accuracy of only 3,5 x 10 chord is not sufficient 
for many applications. 

The purpose of this paper is to review the basic design procedure for the NACA 
6-series airfoils and to describe a program which will generate sufficiently accurate 
ordinates for airfoils of any thickness, thickness distribution, or camber with an accept- 
able expenditure of computer time. 


SYMBOLS 

a basic length, usually considered unity 

A mean-line designation, fraction of chord from leading edge over which design 

load is uniform 

c airfoil chord 

C airfoil chord on computer-generated plots 

CLI design section lift coefficient 

x distance along chord 

X distance along chord on computer -generated plots 

y airfoil ordinate normal to chord, positive above chord 

Y airfoil ordinate normal to chord on computer-generated plots 

z complex variable in circle plane 

z’ complex variable in near-circle plane 

6 local inclination of camber line (or mean line) 
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e airfoil parameter, cp - 6 

£ complex variable in airfoil plane 

0 angular coordinate of z' 

<p angular coordinate of z 

airfoil parameter determining radial coordinate of z 

p2ir 

average value of ip, ^ d <fi 

Subscripts: 

u upper surface 

1 lower surface 

t thickness 

cam cambered 

ANALYSIS 

Basic Airfoil Derivation 

As described in references 1 and 2, the basic symmetrical NACA 6-series airfoils 
were developed by means of conformal transformations. The use of these transforma- 
tions to relate the flow about an arbitrary airfoil to that of a near circle and then to a 
circle had been developed earlier and the results are presented in reference 7. The 
basic airfoil parameters ip and e are derived as a function of $, where 6 - <p is 
defined as -e. Figure 1, taken from reference 1, shows the relationship between these 
variables in the complex plane. These parameters are used to compute both the airfoil 
ordinates and the potential flow velocity distribution around the airfoil. For the NACA 
6-series airfoils, the shape of the velocity distribution and the longitudinal location of 
maximum velocity (or minimum pressure) were prescribed. The airfoil parameters 
and e which give the desired velocity distribution were obtained through an iterative 
process. Then the airfoil ordinates could be calculated from these parameters by use of 
the equations presented in references 1 and 7. Thus, for each prescribed velocity distri- 
bution, a set of basic airfoil parameters is obtained. However, as stated in reference 1, 
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it is possible to define a set of basic parameters 1 p and e which could be multiplied by a 
constant factor to obtain airfoils of various thickness-chord ratios while maintaining the 
minimum pressure at the same chordwise location. Thus, for each NACA 6-series air- 
foil family (i.e., 63-, 64-, or 65-series) there is one basic set of \p and e values. 

Calculation of Symmetrical Airfoils 

There is a unique curve of \f/ and e as a function of <p for each NACA 6-series 
airfoil family. This curve can be scaled by a constant factor to provide airfoils of dif- 
ferent thickness within this family. A computer program could therefore be developed to 
calculate the airfoil ordinates for given values of if/ and e . Although the values of 
these basic airfoil parameters were not published, tabulated values existed in files or 
could be computed by the method of reference 7 from published airfoil ordinates. For the 
6-series airfoils, values of i p and e were available for 21 values of <£, and 26 values 
were available for the 6A-series airfoils. To provide more values of if/ and e for 
storage in a computer subroutine, a fit to the original values was made with an existing 
parametric linked cubic spline-fit program and nine additional values were obtained 
between each of the original values. This process was carried out for each airfoil 
series, and the results were stored in the computer program as two subroutines for each 
airfoil family. 

To calculate the ordinates for an arbitrary airfoil, the program first determines 
which airfoil series is desired and calls for the subroutine for this series. The airfoil 
represented by the stored values of and e is calculated and its maximum thickness- 
chord ratio is determined. The ratio of the desired value to that obtained in this deter- 
mination is calculated. Then, \(/ and e are multiplied by this ratio to arrive at a 
new airfoil thickness- chord ratio. The iteration is repeated until the computed thickness- 
chord ratio is within 0.01 percent of the desired value, or until 10 iterations have been 
performed. Usually convergence ^occurs within four iterations. After the iterative 
process has converged within the limit established, any residual difference between the 
computed thickness -chord ratio and that desired is eliminated by linearly scaling the y 
ordinate and its first and second derivatives by the appropriate scale factor. The first 
and second derivatives of the airfoil ordinates as a function of chord are computed by a 
subroutine labeled "DIF" in the program. Although these ordinates and slopes are cal- 
culated at more than 200 internally controlled chord stations, a subroutine is used to 
interpolate between these points (by use of a vertical axis parabolic curve fit labeled 
"FTLUP") so that the output will be in specified increments of chord stations. As the 
leading edge is approached, the increments become smaller. As programed, ordinates 
are printed at increments of 0.00025c from the leading edge to x/c = 0.01250, at incre- 
ments of 0.0025c from x/c = 0.01250 to 0.1000, and at increments of 0.01c from 
x/c = 0.1000 to the trailing edge. 
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Calculation of the Leading-Edge Radius 

The values of leading-edge radius of these airfoils, published in references 1 to 3, 
were initially determined by plotting the ordinates to a large scale and fairing in the best 
circle fit by hand. Values of the tangency point between the circle and airfoil surface 
obtained in this manner were not published. To provide smooth analytic ordinates around 
the leading edge for the computer program, a tilted ellipse has been used. This tilted 
ellipse is described by the basic ellipse function plus an additive term, linear in x, 
which vanished at the origin, and thus has three arbitrary constants. The resulting fit 
to the airfoil ordinates is exact for the ordinate itself and the first derivative, and quite 
close for the second derivative, though examination of the second derivative in the region 
of tangency generally reveals a small discrepancy. The ellipse is defined so that it has 
the same ordinate and slope as the airfoil surface at the eleventh tabulated value of <p 
in the airfoil parameter subroutine. (The eleventh stored point is actually the second 
point of the original tabulated values.) This tangency point is usually located at about the 
0.005 chord station but varies with airfoil thickness and series. By use of this method a 
smooth transition between airfoil and ellipse is produced, the tangency point is known, 
and there is a continuous variation of leading-edge shape with thickness-chord ratio. The 
nondimensional radius of curvature of the ellipse at the airfoil origin is also calculated 
in the program and its value is in close agreement with the published values of the 
leading-edge radius for known airfoils. 

Calculation of Cambered Airfoils 

To calculate ordinates for a cambered airfoil, the desired mean line is first com- 
puted and then the ordinates of the symmetrical airfoil are measured normal to the mean 
line at the same chord station. This procedure leads to a set of parametric equations, 
where (y/c) t , (y/ c ) cam > and 6 are all functions of the original independent variable 
x/c. The ordinates on the cambered airfoil, (x/c) cam and (y/c) cam , are given by 

(x/c) cam = ( x /c) - (y/c) t Sin 6 

(v/c) = (y/c) + (y/c). cos 6 

u/ 'cam VJ/ 'cam VJ/ 't 

where 6 is the local inclination of the camber line and (y/c) t is assumed to be negative 
to obtain the lower surface ordinates. This procedure is also described in reference 1. 
The local slopes of the cambered airfoil can be shown to be 
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The mean line for all cambered airfoils of the NACA 6-series is the single analytic 
expression presented in reference 1 and is a function of the design lift coefficient and 
type of loading desired. The calculation of these camber lines has been included in the 
program so that any desired combination of airfoil family, thickness-chord ratio, design 
lift coefficient, and type of loading may be obtained. The design lift coefficient and type 
of loading desired are input variables. The A = 0.8 modified mean line which is used 
with the NACA 6A-series airfoils (see ref. 3) has also been incorporated. As the refer- 
ence indicates, this mean line loading should always be used with the 6A- series. 

The standard mean line loadings for the 6-series airfoils consist of loading uniform 
over the entire chord (A = 1.0), or a uniform loading to a given chord station followed by 
a value decreasing linearly to zero at the trailing edge. By combining two or more types 
of loading, many different types of mean lines can be obtained. For example, refer- 
ence 8 presents data for airfoils which combine two mean lines to give zero loading to the 
60-percent chord station followed by a linearly increasing load to the trailing edge. This 
procedure produces the so-called S-type mean line, having negative camber forward and 
positive camber aft. Other references have combined up to four mean lines to produce 
desired types of loadings. The program presented herein can combine up to 10 different 
mean line combinations if desired. 


RESULTS AND DISCUSSION 


Program Capabilities 

The program which has been developed from the analysis described is presented 
in the appendix. The output of the program consists of tabulated ordinates, computer- 
generated plots of nondimensional ordinates, and punched card listings of the ordinates. 
The punched cards are in the format of the input of the program described in reference 9 
so that pressure distributions over the generated shape may be readily obtained. To 
show graphically the capabilities of the program, sample computer plots are presented 
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in figures 2 to 9. The subscript designations of the lift-coefficient range of minimum 
drag for these airfoils, as described in references 1 to 3, have been deleted in the com- 
puter plots and tables. Figure 2 illustrates the possibility of changing the thickness - 
chord ratio for a fixed series. Figures 3 and 4 show the series variations within the 
NACA 6 and 6A families of airfoils, respectively. The variations in design lift coeffi- 
cient with a constant mean line loading and the variations of mean line loading for a con- 
stant design lift coefficient are shown in figures 5 and 6, respectively. By combining 
more than one mean line for a given airfoil, the variations illustrated in figure 7 may be 
obtained. If a thickness -chord ratio of 0.0 is specified, the shape of the mean line or 
combination of mean lines is calculated. The results of this procedure are shown in 
figures 8 and 9. Note that the mean lines of figure 9 are those for the airfoils of figure 7. 

Sample Output Tabulations 

Sample computed ordinates for both a symmetric and a cambered airfoil are pre- 
sented in tables I and II, respectively. Printed at the top of the first page for each table 
is the airfoil designation and a listing of the input variables. There follows a summary 
of parameters such as the longitudinal location of maximum thickness (the point when 
the slope changes sign), the values of the location of the nose ellipse fit and its radius- 
chord ratio at the origin, and the number of iterations and scaling factor used to deter- 
mine the airfoil from its basic parameters. Both nondimensional and dimensional ordi- 
nates are listed. The dimensional quantities have the same units as the input value of 
the chord. First and second derivatives of the surface slope are also presented for the 
symmetric airfoils, but only first derivatives are tabulated for the cambered airfoils. 

Accuracy of Results 

About 25 cases, including several from each airfoil family, were computed for 
thickness -chord ratios from 0.06 to 0.15 and the results were compared with the values 
published in references 1 to 3. For the NACA 6-series airfoils the agreement was 
generally within 5x10 ^ chord. The NACA 6A-series airfoils show differences of as 
much as 3.5 x 10" 4 chord near the leading edge, but from about x/c = 0.10 to 
x/c = 0.95 the accuracy is about the same as for the 6-series. A plot showing a com- 
parison of the present method with published ordinates for the first 0.05 chord of an 
NACA 64A-015 airfoil is shown in figure 10. This is the case of poorest agreement found 
in the comparisons made. The equations for the airfoil geometry dictate that the trailing - 
edge thickness be zero; however, the 6A-series have a finite trailing-edge thickness. 

The best result for these airfoils can be obtained by using the ordinate and slope at 
x/c = 0.95 and extrapolating to the trailing edge. 
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Card Input Format 


The input to the program is in a card format as follows: 

CARD 1 - Tabulated data title card. Any designation may be used in columns 2 to 80. 
CARD 2 - Airfoil and camber line series designations are as follows: 


NACA airfoil family 

Card designation* 

Columns 

63-series 

63 

9, 

10 

64-series 

64 



65-series 

65 



66-series 

66 



67-series 

67 



63A-series 

63A 

8, 1 

), 10 

64A-series 

64A 

| 


65A-series 

65A 

1 



Camber line i 

Card designation* 

Columns 

NACA 6-series 

63 

19, 20 


64 



65 



66 


NACA 6A-series 

63A 

18, 19, 20 


64A 



65A 



These are Hollerith cards; designations must be in exact columns 

















CARD 3 - Airfoil parameter card. (Note that cards 3 to 6 are in floating point mode. 
Numbers are entered with a decimal point.) 


Description 

Variable 

Columns 

Thickness -chord ratio of airfoil 
(i.e., 0.120) 

TOC 

1-10 

Published leading-edge radius may 
be entered if desired (not used in 
program) 

LER 

11-20 

Model chord used for listing ordi- 
nates in dimensional units 

CHD 

21-30 

Design lift coefficient (i.e., 0.20); 
set to 0.0 for a symmetrical airfoil 

CLI 

31-40 

Mean line chordwise loading (use 
0.8 for 6A-series airfoils) 

A 

41-50 

Number of mean lines to be summed 
(if only one, leave blank or insert 
1.0) 

CMBNMR 

51-60 


CARDS 4, 5, and 6 - Up to nine additional mean lines may be summed on these cards. 

These cards are not necessary for only one mean line. 


Description 

Variable 

Columns 

Design lift for second mean line 

CLI 

1-10 

Loading for second mean line 

A 

11-20 

Design lift for third mean line 

CLI 

21-30 

Loading for third mean line 

A 

31-40 

Design lift for fourth mean line 

CLI 

41-50 

Loading for fourth mean line 

A 

51-60 

Design lift for fifth mean line 

CLI 

61-70 

Loading for fifth mean line 

A 

71-80 


CARD 7 - Title card for plot of airfoil ordinate. Any designation may be used in 
columns 1 to 80. 
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MiFinrirr 


CONCLUDING REMARKS 


A computer program has been developed to calculate rapidly the ordinates for air- 
foils of any thickness, thickness distribution, or camber in the NACA 6- and 6A-series. 
The program is included as an appendix to this report. Comparisons of the computer- 
generated ordinates with previously published ordinates for the same airfoil show that 
the agreement is generally within 5 x 10" 5 chord. Exceptions were noted for the leading- 
edge region of the 6A-series airfoils, where differences of as much as 3.5 x 10" chord 
occurred. The program will also produce plots of the airfoil nondimensional ordinates 
and a punch card output of ordinates in the input format of a readily available program 
for determining the pressure distributions of arbitrary airfoils in subsonic potential 
viscous flow. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Hampton, Va., June 25, 1974. 
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APPENDIX 


COMPUTER PROGRAM FOR ORDINATES OF NACA 6- AND 
6A-SERIES AIRFOILS 

The program presented herein is written in the Langley Research Center version of 
FORTRAN IV and has been used on the Control Data series 6000 computer systems. The 
computational program, the basic airfoil parameter subroutine, and the plotting routine 
are presented. In the airfoil program, two subroutines (FTLUP and DIF) are used. The 
first subroutine is used to interpolate between a series of consecutive points using a 
parabolic curve fit, and the second subroutine is used to define the slope at a given point 
in a consecutive series of points. Any standard subroutines which have these capabilities 
can be substituted for those used herein. Also, several unlisted subroutines are used in 
the plotting routine, which is presented as a guide for users. The program requires 
about 73000g storage locations and takes about 20 seconds to compile. Each case takes 
approximately 12 seconds to execute on the Control Data 6400 computer system. 
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C SELECT VALUES FOR PUNCFEO OUTPUT A3390 34000000 

002271 IE ( A8SiX-XA(K )) .GT..l**6) GO TO 410 A3400 34100000 
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APPENDIX 


o o o o o o 

o o 

o o 

o 

o 

o 

o 

o o 

o o 

o 

o 

o o o 

o 

o o o o 

o o o © o 

o 

o o 

o 

a o 

O 

o 

o 

o 

o o o o o o 

o o 

o 

o 

o 

o 

o 

o 

o o 

o 

o 

a 

o 

o 

o o 

o 

o o o o o o 

o o o 

o 

o o 

o 

o o 

o 

o 

o 

o 

o o o o o o 

o o 

o o 

o 

o 

o 

o 

o o 

o 

o 

o 

o 

o 

o o 

o 

o o o o 

o o 

o o o 

o 

o o o 

o o 

o 

o 

o 

o 

o o o o o o 

o o 

o 

o 

o 

o 

o 

o 

o o o 

o 

o 

o 

o 

o o 

o 

o o o o 

o o 

o o o 

c 

o o 

o 

o o 

o 

o 

o 

o 

o o o o o o 

o o 

o 

o 

o 

o 

o 

o 

o o 

o o 

o 

o 

o 

o o 

o 

o o a o 

o o 

o o o o 

o o 

o 

o o 

o 

o 

o 

o 

m 4 * in r*- ao 

O o 


PsJ 

m 

4 - 

in 

-0 

N* 00 

O' 

o 


Osi 

tn 4 * in 

45 

h- a 0 O O 

3 <\l 

m ^ m 

4 ? r» CO 

o 

o •-» 

eg 

m 

4 - 

m 

>t 4 1 4 * ^ 

4 * ^ 

in 

in 

in 

in 

in 

in 

in m 

m 

>0 

nO 

3 

vO 

3 45 

sO 

«o 'O o r* 

r- r- 

3333 

P— r— 

00 00 

00 

00 

00 

ao 

m rn rn m m m 

m m 

m 

m 

m 

rn 

m 

m 

m m 

m 

m 


m 

m 

m m 

m 

m rn cn m 

m on 

m rn rn 

m 

m m 

m 

rn rn 

m 

m 

m 

rn 


eg rn 4* m go 

4- 4- 4* 4- 4- 


o 

o o 

O O 

o 

o 

o 

o 

o o 

o 

O 

o 

o 

o o o 

o o 

o o o 

o o 

o 

o 

o 

o 

o 

o 

O O 

o 

o 

3 

CC O' 

o 

H 

eg 

m 

4- 

in 

v0 h- 

CO 

O' 

o 


nj m 4* 

in 

45 

f- 

00 O' 

o -4 

eg 

m 

4- 

in 

o 

3 

ac 

a 

o 


4* 

4- 4* 

in 

in 

n 

in 

m 

in 

in in 

in 

in 

o 

45 

■J3 'C 

■43 

45 

45 

vjO >0 r- 

n- 

r- 

r- 

3 

3 

3 

3 

3 

CO 

00 

rn 

m rn 

m 

m 

m 

m 

m 

m 

m m 

m 

m 

m 

m 

cn m m 

m 

m 

m 

m rn 

rn m 

m 

m m 

m 

m 

rn, 

m 

m 

m 

m 

< 

< < 

< 

< 

< 

< 

< 

< 

< < 

< 

< 

< 

< 

< <t < 

< 

< 

< 

< 

< < 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 


> 

x 


a 

3 

> 

O 

3 

> 


U. 

O 


X 

<M 


X 

X 


o 

3 

X 


a 

> 


o 

X 


a 

x 

* 

> 

+ 

X 


a 

3 a 

>• > 


3 

X 


a. 

> 

•* d 

> o 

•> 3 

X -J 


X 

in 


If 

a 

x 

u 


X 

nj 

eg 

fk 

eg 

X 

a 

N 

> 

eg 

a 

x 


X 

o 


3 3 -J 
> X 
tl M 




< <r 
> x 











3 

7 











X 
















X 


•> 









o 

3 

< 

< 






3 



o 

















in 


X 









r\l 



3 






< 

O 


in 

3 


















o 










3 

# 

■ff 






X 



in 

o 
















o 


>s 










a 

a 

a 






d 

n 



















t 


> 









a 

cc 

V 

> 






o 



3 

3 
















o 


Q 









h~ 

Cl 

I 

+ 






3 

3 


z 

a: 







rsj 











X 











3 

3 







T 


3 








pn 









X 


n 









a 

a 

w 

W 






3 

M 


oc 

3 







► 




UJ 







•• 









o 

3 


X 






3 

oc 


a 












</■) 





if 


X 










ac 

— * 






in 

<3 

CL 










II 




< 





3 


00 










3 

a 

Cl 





nj 

3 



3 

a 







3 




O 





3 


•k 










ao 

X 

X 




in 

o 

CC 

3 


3 

3 







*• 









X 

■r** 

o 









• 

T. 

i— 

3 




(M 

t 

Cl 

3 


« 












3 



3 



\ 










a 

< 






• 

o 

a 

« 


3 

z 







n 




X 



o 


X 

V 

> 









UJ 

U 

> 

>• 

O 



o 

II 

CC 

3 


3 

d 



O 


«• 

3 

W 




3 



* 


n 

vO 

X 









• 


> 

•M- 

nj 



II 

o 

a 

LD 


• 

3 



> 1 * 

3 

3 

3 

3 




Z 



o 



• 

rn 









> 

3 

r 

X 




o 

< 

Cl 

♦ 

CL 

> 

3 



3 

3 >- 

d 

< 







r-L 



o 










X 

3 

3 

3 




< 

aC 

< 

> 

3 

X 

3 




3 

•» 

3 

X 




X 



IL 


« 

3 

X 




3 





o 


z 


3 



aC 

3 


X 

> o 

aC 



a 

3 

3 

3 





3 


— » 

3 


3 

X 

o 




ix: 





I_4 

3 

< 

< 

3 


3 

3 


Z 

o 

» 





3 

a 

>- 

3 

•» 




LU 


O 

N 


> i 

o 





a 





• 

CL 

3 

3 



z 


— * 

, — 


3 

• 

a 




X 

► 


f ^4 






• 

O 


X 

3 

•» 




X 





3 

3 

1 

+ 

3 


3 


n 


■* 

3 

3 

z 



3 3 

3 

O 

3 

— * 

— * 


n 


3 




*> 

3 




o 






3 

d 

a 

O 


X 

in 

rsl 

LU 

2C 

> 

Z 

< 



o 


X 

3 

3 

nj 

di 

nj 

< 



< 

— 

II 

II 

\ 









< 

oO 

> 

> 



3 


nj 

3 

a 


< 





3 

•> 

3 

3 

rn 

ra 

m 

3 


LU 

nj 

o 

o 

< 

X 




> 

3 

3 

3 

3 

• 


+ 

i 

— * 



O 

3 

3 

• 

O 

• 

X 




3 

3 

O 

•— i 

•• 


•» 

X 


X» 

\ 

* 

3 


X 




do 

X 

- 1 - 

X 

X 

LU 

3 

3 

3 

lU 


O 

o 

o 

3 

u 

3 

ijj 




O 

a 

X 

3 

3 


3 

3 



•w 

o 

o 

3 


rn 

i— • 




O 

O 

o 

o 

• 

<? 


> 

* 



* 

* 

3 

• 

X 

• 

3 

X 


• 

3 


3 


ii 

M 

II 

3 

' 

'v 

3 


o 


•* 




> 



* 

# 

UJ 

O 

X 

X 

3 



3 

o 


3 

» 

3 

z 

3 


3 

X 


LJ 

•» 

3 

3 

3 

3 


rn 

< 

X 

X 

X 

X 

.j 



-J 





3 

r-' 

3 


3 



• 

* 

CL 

(? 

3 

3 

3 

# 


t 

> — < 

3 

■n 

O 

•• 





3 


cn 

n 

in 

3 

>- 


txi 

Cl 


>— » 

-i 

M i 

• 

3 

-T 

z 

« 

3 

X 

3 

3 


t 

3 

• 

T 

O 

o 

3 

< 

o 


v 0 

-• 




o 



3 




ii 


3 




— 


fr -4 


<c 

<r 

3 

3 


3 

3 

3 

►— 

w 

— 

3 

< 

• 

3 


3 

X 

in 


3 

3 

X 

rn 










1— 

3 

3 


-J 

3 

3 

3 

3 

3 

Z 

o 

• 

• 

z 

3 

3 

3 

CC 

X 

i^4 

« 

u* 

3 

3 


w 

w 


D 


3 

3 

U- 

3 

3 

3 


f— H 

_< 

3 

X 

> 

X 

V 

< 



w 

3 

i—, 

2 

X 

X 

3 

<r 

>- 

< 

o 

3 

ii 

X 

3 


-/ 

T 

3 

3 

3 

3 

a 

X 

< 



< 

< 


+ 

h- 

3 

II 

i| 

If 

l| 



*— t 

ii 

II 



H 

— 


cr 





+ 

o 


3 

3 

3 

o 

<r 

< 

< 

■y 

t — 

tt 

T* 

s: 

TT 

or 

V 

—i 




o 

O 

3 

o 


3 

Cl 

3 



3 



cl 




K-. 

X 

<r 


n_ 

3 

3 

z 

>- 

X 

V 

X 


X 

X 


X 

X 

X 

< 

ii 

3 


3 

3 

3 


LL 


3 

3 

3 

3 


3 

3 


i. 

3 

X 


II 

-c 

3 




3 



«— » 


3 

O 

3 

3 

3 

3 

3 

> 


O 


X 

> 

X 

> 



> 

> 

*-• 

O 


►— 

— 


— • 


*-• 


X 

3 

3 


O 


d 

•> 




3 

<x 

X 

X 

X 

X 

X 


* # » 


o 

<NJ 

4* 


o o o 3 o o 

iO t vO N CO 
4 4" 4* st 4* 4“ 


nj rn in 

0 3 

O 


4 - 

in 

3 


eg 

4 - 

3 

3 

4 “ 

3 

in 

0 

3 eg 

4 * 

o 

o 

3 

3 

3 

r>- 

3 

3 

3 O 

3 -< 


3 

3 

3 

•— f 

m 

4 - 

n 

in 

n 

•0 

3 

3 

3 

3 rv. 

3 

3 

n 

m 

m 

m 

-n 

pr\ 

n 

rn rn rn 

n m 

n 

n 

-n 

m 

cn 

m 

rn 

'n 

rn 

rn 

-n 

■3 

4 * 

t 

' 4 ' 4 * 

vt 

in 

n 

un 

n 

n 

n 

n 

>n 

nj nj rv 

eg eg 

nj 

INI 

eg 

nj 

eg 

-g 

nj 


eg 

nj 

rg 

nj 

nj 

-g 

rg nj 

nj 

eg 

eg 

nj 

eg 

%J 

-g 

nj 

-g 

0 0 3 

o 3 

3 

O 

3 

O 

3 

o 

O 

o 

O 

o 

3 

o 

o 

o 

3 o 

O 

O 

3 

o 

o 

3 

3 

o 

o 

O o a 

O O 

a 

O 

o 

o 

a 

o 

O 

o 

O 

o 

o 

o 

o 

o 

3 O 

o 

O 

o 

3 

3 

3 

3 

o 

o 


20 


APPENDIX 


oooooooooooooooooo 

OOOOOOOOOOOOOOOOOO 

oooooooooooooooooo 

OOOOOOOOOQQOQOOQOO 

oooooooooooooooooo 

sOh-ao^o^rgrONf. tA> 0 r^c 00 'O^<vj< , n 

00 CO no 

roirirorrirnrornrnrnro^rornrnst -t 4 * 4 


I 

OOOOOOOOOOOOOOOOOO 

fMm 4 'UN 453 ocC' 03 <\if r ' 4 'UN 45 ^ooff k 

00 « 300000 ® 0 ®COOOOOOO s OO s OO s 

<<<<<<<<<<<<<<<T<<< 


o •* 

p> 





UL 

45 

z 





-J X 

o 




X 

•* 

• 

X — 

3 




< >0 

3 




4- 


o 

O 3 





> V 

-J 




m 

3 

3 m < 

00 





X 




3 

oO 3 

v. o 

f 




OJ on 

X 




O 

a 

► 

sO on 

o 




O OJ 

4- 




• 

H-« 


• 

II 




< 3 

► 




o 

3 

3 

o 3 

< 




3 -J 

X 





3 

on 

> 





a: < 

<\l 




u. 

3 

0, 

3 — ' 

a: 




3 > 





*► 


Mi 

•> 3 

O 




on 

* 





3 

3 a < 

3 




IJJ 

3 




iS> 

a 

3 

v. 3 





a: o 

X 




•— * 


3 

D 

V 




LU < 

o 





3 


-1 X 

3 




a a. 

3 




o 

3 

3 

^ Z5 

Z 




Q- a: 

3 




3 

3 

O 

~ o 

o 




3 3 

> 




> 



3 

o 




on 

O 





U 

3 

>- X 3 O 





X 




X 

V 

•— i 

ft 3 

3 UJ 




oc 

3 




3 

X 

3 

O rO 

► 3 




UJ 

•» 




X 



3 N 

11 o 




Z* 

X 




t—» 

X 

3 

>0 on 3 




O 

vO 




X 

o 

a 

3 • 

Z 3 




-J 

•* 




< 

fM O 

3 o a < 





3 




X 

3 

3 

*— 3 

3 





> 





45 

on 

3 3 3 Z 





X 




X 

f 


X ► 

< o 





<M 




vO 

o 

X 


a: 3 





► 

X 



r- i 


f\J 

3 on 

3 3 





X 

o 



V. 

3 

IN 

a: 3 

3 3 





o 

X 



45 

f\J 

3 

X 

— D 





m 

3 



• 

» 

45 

3 Q 






3 

> 



o 


* 

3 

3 3 





X 

Q 



3 

II 

o 

3 3 

O Z 

• 




X 

X 



3 



on O 

3 

3 




'NJ 

3 


*■» 


u 

3 

3 a 

ac 3 

3 




9> 

*» 


in 

II 

3 


*-H 21 

3 

3 




X X 


t 

a 

> 


3 O 

*o a : 

in 




cc 

45 


o 

s 


3 

3 O 

X 3 

*► 




p» 

»> 


•— < 

X 

ft 

on 

3 

O X 

X 




u 

3 


3 


o 

3 

O 

z 

o 

o 



V > 


► 

3 

s 

Mi 

3 V, 

< 

ft 

• 


o 

3 

X 


II 

< 

X 

3 

a 3 

X o 

45 

ro 


u 

> 

CSJ 


<■» 



3 


og 

• 




X 

► 


X 

uO 

3 

3 

z o 

rvj q 


3 


UJ 

4- 

X 




< 


3 3 

^ UJ 

H 


to 

CO 

P* 

O' 


•t 



3 

o 

■ 0 ^ 

3 

•• 

• 

y 

X 

«t 


"VJ 


z 

O 

•— • 3 

• 3 

un 

X 

o 

< 

3 

3 


»— * 

< 

o 


ct: o 

O — 


o 

3 

o 


X 



3 


3 

a a 

M Q 

X 


3 

3 

o 

X 


«w> 

CL 

on 

<— < 

~z 

3 0 4- 

«» 

00 

3 

s 

ng 


3 



3 

3 3 

► T 

«*t 

45 

w 

O 

3 

«. 

— % 

< 

X 

«yi 


< 


45 

• 

V 

X 

X 

X 

o 

n' 

45 

UJ 

O 

O 

3 

« 

m 

o 

0 

X 

X) 

— * 


3 

O 

3 

^n s 

on x 

O 

3 

3 

—1 

4- 

» 

<r 

X 3 

Z 

> 

X> 3 

a m 


3 

< 

«— 1 



X 

UN 

\ 

< 


3 

•• tnj 

3 

vt 

no 

w 

X 3 

w 

w 

««• 

X 

X 

a 3 

on 3 

■m 


*■* 



3 




o 

o 

"T 3 

3 




3 

— 4 

> 

3 

3 

3 


ng 

a: 

3 3 

3 

3 

3 

<t 

o 


< 

< 

< 

3 

3 

o 

< 

< 

< 

< 


3 

t 


X 

X 

CL 

o 

x — 

3 X 

X 

V 

X 

* 

X 


or 



3 

• 

3 3 

a nr 

nr 

nr 

OC 


^C/)I>O^bJ 0 iA< o o o 0 Z 

N U. UJ ^ ^ li, '4. X ^ "'v Oi O tL UL LL U. LU 

— * ~4 .'nj -n — < ng m 4 1 in 


o 

o 

o 

o 

o 

O 

O 

O 


o 

*3 

(M 

crs 

4* 

UN 

o 

4* 

*r\ 

T\ 

un 

lTN 

UN 

UN 

UN 


3 

3 

3 

3 

3 

3 

3 

3 

3 

i'O 

rO 

n 

rO 

m 

^N 

m 

m 

m 

in 

UN 

n 

^n 


(N 

UN 

UN 

'UN 

°Nl 

-vj 

*NJ 

ng 

nj 

fM 

nj 

nj 

nj 

o 

o 

o 

o 

O 

O 

O 

O 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 


21 



PROGRAM LENGTH INCLUDING I/O BUFFERS 
0162 ii> 


APPENDIX 


H 



ro 

o 

<3- 

<5 

in 

r- 


M 0 

Ml 


>* 

co 

o 

r-4 



OI 

CM 




Lf 

o 

3 



in 

o 

•4* 


o 

m 

o 

in 


o 

G 

v0 

n 

>0 

n 

in 

in 

o 

■J" 

in 

3 

nJ- 

r- 

<\l 


■0 

o 



o 


co 

r- 

r- 

o 


O 

o 

o 

o 

o 

o 

O 



o 


—4 

o 

O 

o 

o 

r-4 

f-"4 

—i 

Ml 

mi 

<M 

<\j 

<M 

CO 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

F-J 

pH 

r-4 

r4 



—4 

+-4 

p^ 

—4 


r-4 


iH 

O 

1 

0 

1 

3 

1 

0 

1 

0 

1 

3 

I 

0 

1 

0 

1 

0 

1 

3 

1 

0 

1 

0 

1 

0 

1 

0 

1 

3 

1 

0 

1 

0 

1 

3 

1 

0 

1 

0 

1 

0 

1 

0 

1 

O 

I 

0 

1 

0 

1 

0 

1 













-J 


l/l 


o 

> 



—4 

-J 







o 

o 

o 

o 

o 

o 

a 

o 

o 

o 

o 

X 




< 




X 

< 

UJ 


a 


o 


in 

—4 

in 

O' 

CO 

s. 

c\l 


o 


2 : 

oO 

-J 

X 


o 



x 

1— f 

3 

U_ 

X 


r- 

1-^ 


Ml 

MJ 

cm 

CO 

CO 

>*■ 


in 

n 

< 

< 

o 

o 

UL 

— 

"5 

z 

c 

0- 

OH 

GO 

l— 

X 




CM 



"3* 

o 


OJ 

O 

O 

0- 

m 

ro 



v0 

ro 

>0 


3 



rg 

o 

r- 

O 

>** 

CM 

3 



CO 

in 

CO 

mj 

o 

O- 

F^ 

N 


r- 

CM 

ro 



ro 

ro 

ro 

sr 

'4“ 

in 

OJ 

O 

o 

>f 

Ml 

>4- 

O 

3 



~4 


n 

O 

ro 

’O 

o 


c0 

'O 

0- 

O 



^4 

—4 

0- 

♦—4 

r—i 

o 

— 4 

o 

4—4 

o 

H 

O 

o- 

«— i 



o 

o 

o 

—t 



og 

CM 

CM 

CM 

<N 

co 



O 

o 


o 

O 

o 

o 

o 

o 

o 

o 

o 

o- 

o 



o 

o 

o 

O 

O 

o 

O 

O 

O 

o 

O 

o 



•-4 

—1 

O 

—4 

—4 

4-1 

—4 



H 



/^l 

F— 4 



o 

o 

o 

o 

O 

o 

O 

O 

o 

o 

o 

o 



o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

6 

o 



1 

1 

1 

I 

1 

1 

1 

I 

1 

\ 

1 

\ 



1 

1 

1 

» 

1 

1 

I 

1 

1 

i 

1 

1 

K 

i 

o 

I 




















X 








UJ 

X 





















I— 





_J 



1—4 

>— 





o 

o 

o 

o 

o 

o 

o 

o 

a 

o 

o 



1—4 



V3 





X 


1— 

OH 

z 




o 

o 

M- 

0" 


CO 

CM 

03 

—A 

n 

0* 

ro 




zr 

-J 

o 



>— 


X 

►—I 

< 

LU 

< 

OH 



m 

fH 

r-4 


<N 

CvJ 

co 

m 




in 



< 

< 

o 

o 

UL 

1-4 


-1 

o 

CL 

a: 

00 

l— 

i— 

















































o 





o 

























o 





o 







h~ 


n 

o 

o 

MJ 

CM 

o 

O 

CM 


M- 

m 

*3- 

CM 


CM 

m 

•o 

°u 


o 

CM 


OJ 

rO 

0- 

n 

n 

3 

— i 


cm 

rO 

—4 

n 

N 

r^- 

o 


J- 

o- 


o 

in 


OJ 

o 

o 

-o 

—4 


3 

3 

>3“ 

3 

o 


3 

in 

O 


r-*4 


m 


CM 

o 

o 


N 

0 


N* 

o 




o 

T— 4 


— A 

a 

3 

f-H 

0 

r-4 

o 

O 

3 

o 


3 

o 

3 

o 

T— 4 


“M 

OJ 

OJ 

l\J 

CM 

<M 

o 


O 

O 

o 

o 


o 

o 

3 

3 

0 

3 

o 

o 

3 

o 


o 

o 

o 

o 

o 

o 

O 

D 

O 

o 

O 

O 

o 


— 4 

—4 

o 


o 


—4 

O 

—4 

3 

—4 


—4 

-4 

o 


3 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

O 

o 


O 

o 

3 

o 

o 

3 

o 

O 

3 

O 

3 

3 

3 

3 

1 


1 

1 

1 

1 

1 

I 

t 

1 

1 


1 

1 

1 


1 

I 

1 

1 

1 

1 

1 

' 

1 

U 

1 

1 

I 

O 

1 

1 

















\— 

'M 





c 





“U 

X 


T 
















< 

-J 





X 


►— 1 



•— * 

l— 


z 




3 

o 

o 

o 

o 

"3 

o 

o 

o 

o 

o 

A 


X 

o 


■yi 


0 

Z 

3 

—4 


X 

z 

U 

—4 


o 

3 

o 

o* 

c0 


c— 4 

n 

o 

4- 

0 

CM 

0 

T. 

o 

X 

X 


0. 


LU 

3 

0. 

X 


tjj 

< 

3 

',0 

LO 

4” 

J' 

f— 4 

r— 4 

f\J 


O 

ro 

& 



m 

in 

h- 

< 

< 

a 

O 

LU 

X 


X 

z 

Cl 

y 

00 

' — 

h- 

oO 

(— 














D 

v/) 














s- 

T 














P’ 

»— 













o4 

z 

UJ 














UJ 














c 

UJ 

X 














— J 

LU 













o 

x in 

z 

s 0 

N-. 

MJ 


nj 

'N! 

o 

s0 

*•. 


r-J 

r> 

0 

m 

x o 

m 


in 

3 

o 

3 

n 


<J- 

n 

n 

in 

in 

O 

j> 

A 

Ml 

—4 

_4 

■0 

r— < 

3 


. — 1 



^0 

sf- 

O 

2 m 

o 

ro 

m 

sJ- 

o 

o 

r- 

Ml 

O 

CM 

3 


o 

o o 

_l 

O 

* 

m 

N- 

f-4 

s0 


o 

CM 

o 

N- 

r- 

o 

^ o 

O o- 

1 — * 


o 

o 

— ( 

3 

3 


r— < 




o 

— • o 

y> 

© 

o 

o 

o 



r^4 

rg 

CM 

CM 

<N 

oj 

ro 

< o 

** r- 

a 

o 

o 

o 

o 

O 

o 

in 

O 

r- 

o 

3 

o 

LO O 

L/0 

O 

o 

o 

o 

a 

O 

O 

o 

O 

o 

O 

o 

O 

o 

v> o 

i-*4 

—4 


H 

F— $ 


—4 

o 


3 


—4 

o 

A 3 

< 

3 

o 

3 

o 


o 

o 

-3 

O 

o 

n 

"3 

O 

^ o 

73 O 

o 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

< 















UJ 

<1 















i— 














X 















Z 1 

Z 

1 

1 

1 

1 

i 

1 

1 

| 

1 

1 

i 

| 

1 

< t 

JU 1 

i 

1 

1 

1 

1 

1 

1 

1 

t 

1 

1 

1 

1 

3 

LU 














-PL 

-1 














H-4 

X 















cc 



CC 










— * 

h- 

UJ 














X 

< 

—4 


X 



a 



<MJ 



X 

LJ 

O T 

*— 














O P' 

M 

-J 


z 



> 


'JU 

-J 




-J 

Z oO 

< 



o 

o 

n 

o 

o 

O 

o 

o 

o 

O 

o 

a — 


X 


3 



V. 


X 

X 

►— < 

CL 


K- 

3 o 


o 

o 

Ml 

^0 

CM 


o 

■4- 

. o 

ro 

o- 

_< 

in 

_j < 

< 

X 

2 

X 



o 


< 

X 

00 

z 

1-4 

•— • 

U. LJ 

oO 

ro 

cc 

H 

f4 

c\> 

CvJ 

co 

ro 

CO 

>3- 

>3- 

n 

in 

cc r 

> < 

< 

O 

o 

LU 

3 

•— 

X 

z 

3 

a 

r< 




22 


APPENDIX 


rsjr-rorgr'-f'-^H.O’-^ 

o o ^ >—4 o o h r- h 

LHOLnOOOOlAO 
O O H r-4 O 

ooooooooo 


I I I I I ! I I I 


-j u x o cl a 

<jh>-oja.^D 

xxxx>>>>> 


f'-r-O— ir'-r-ooorsjm 

sOm'tr s ->oin<\iLnr-^ 
>0 in ^ O I s - rD <—* vt* O H 
^cDOO>t<fOinoo 
QQ^,— (Qr^^O— 

oooooooooc 


I I I I I I I I I I 


X 

>03 < o 

X X X X > > > V. > rvg 

H 

O 

o 

^ N- r- h- O vOOh-(N 

00-H(M00— < O O 
OOO^^OOO if o 

r- (^P^OO-^-^OO— I 

o ooooooooo 


I I I I ! I I 1 I I 


c t 

r\j <T 






-j 

Q. 


I— 









o 

o 

3 

< 

O 

T 

oO 

3 







X 

X 

X 

X 

> 

> 

> 

> 

> 

-g 




LU 













O0 


o 













!U 


< 












oO 

>— ( 

00 

a 












L- 

aC 

h— 

00 


r- 

I s - 

r- 

n 

o 

sf 

r- 

in 

t\J 

•—4 

z: 

< 

O 



r- 

eg 

m 

(NJ 

O 

I s - 



I s - 


< 


LL) 

a: 


O 

f- 



o 

I s - 


r-4 

<N 

'—i 

f- 

o 

a: 

LU 


o 

<f 

o 

o 

o 

I s - 

O 

o 

^0 

o 

oO 

CL 

M 

-j 



o 




o 

*— 4 

f— 4 

O 

•H 

2 

X 

o 

*— * 


o 

o 

o 

o 

o 

o 

o 

3 

o 

O 

3 

Of 

2 

a 












O 

K 

•— * 

X 















a 


1 

1 

1 

i 

1 

1 

i 

i 

1 

1 

LL 

LL 

LL 

o 












3 

3 

n 














in 

o 

a 

O 











1— <f 

l- m 

H* —l 

LU 

3 






CD 



a. 


a: m 

^ o 

C^ INJ 

Lrt 

n 


3 

-J 

a. 


X 

CL 

a 

rL 


< OsJ 

< ”C| 

< m 

3 

n 


< 

-J 

)- 


O 

-J 

a. 

K 


i- o 

h- O 

h- o 

2 

<\J 

> 

X 

X 

X 

V 

> 

>- 

V 

> 

I*nJ 

o 

oO o 

oO O 

3 

O 


23 



appendix 


ooooooooo 

OOOOOOOOO 

ooooooooo 

2222°oooo 

ooooooooo 

OOOOOOp^^pH 


ogggggggggggggggggggooooooooooooo 

oooooooooooooooo2S2S22 0oooooo °ooo 

oooooooooooooonSSS2S2 000000o °oooo 

oooooooooo8ooo§oooS22222S 0 °oooooo 


2gggggSggg2ggggg°ggg2gggggOgOOOOOOOOOOOOOO 


LU 

oo ar 

h- < 

Z OO 

P-H 

a lu 
a. x 

I- 

LU 

o a 


< UJ 



LU X 

o 


qL O 

go 


Z> 00 

-*• 


00 00 



<r 

a 

> 


lu a: 

*> 


i LU 



O X 

o 


-J »~ 

in 

rO 

o 


1 

f 


9» 

1 - 

X 

o 

-i ao 


* 

> LU W 


O OO 


O _j 

t < 

-* o 

w 00 

Q 
-J z 
CL < 


3 — * < oO 

> CO LJ _J 


o 

-J < UJ — » 

X ti. U w 

a: »— «j 

o ~ V 

— * * O 0 f— 

oo * » 

*H- LU x 

-j z e * 

> ~ o a 
*> a x 

3a zu 

> o 

*• LU *pj J CO 

j u oo m ^ ii _j < 

*U. Z ►- w * o 

15 a: « ac j -i x 

xoo<xz — o 

w 00 Q. f- -HU, 

oO * *— I t 

^a:u.>--^LUr3rj« 

O LU O — 4 J LU X 

-J CL X, _ • '3 

aaa'z^-o- 

3 LU «-* X I— r0 m 
UJ TO < w » X 

^ • t: 7“ z x 

^ DM *--o; ^ 
h-O ? 1 m 0 Vjh 

X > ^ U 0 rn n U « 

0*1 O Z X i- o 

0 C 3 -l : u Q - UJ II 

GO X —« X X < _j i— m • 
O O <— » UJ UL o M 

o0 O ^ t - X -J 


>- 

< 

ac 

cc 

< 


o 

z 


O K 

X O 

* X 

*» 

X 

"4 X 

* 

> * 
o > 
>- o 

•* X 

o * 

hH LJ 
H- *"■» 
> H- 
•> X 
— ^ *> 
f\l -% 
+ rsj 
X + 
« X 


to 

\- 

z 

a 

x 


o * 

X -4 
a if 

o 

< o 

a 


~J J 


z Z 

X 3 
X > 
fl M 

z z 

X > 


X V 
If f) 


z z ^ 

+ + f 


X >- -U 


00 

LU 

X 

lj 

z 


»—4 

00 o 

* 

JJ o 
— '0 
& < II 

eg a. o 

If a. 

X X 


o 

x 

# 


LO 


I 

o 

• 

X o 

3 • 

X o 
X ll 
fl > 

< a 

X X 


o o 

* 0.0 ♦ 


o 

X • 

3 o 

II 


♦ 1 — I 


II ^ O II z 

O II l| O K-. 

?-* o > — . X 

L- CL O >~ 

X > >- V X >- 


+ + 

X X 


a: o 

DO. -» 

U X N 

—I O \ + r) 

• < O “ IJJ 

on • — x 

I -4 X < 

! ! LU M M 

U -* — oe 
<r 
o 
oo 


> w 

- X 

H <■. 


m 

o 

CO 

o 


+ ^ 


» 

* 

CO 

X + 


t 

*> 


w X 


. o 


o 

>* w 


» 

UJ 

• 

* X 


LJ 

-J 

o 

CJ3 ► 


S 

1— 


a o 


X 


LJ 

> a 


X 

H- 

N 

* X 




> 

« * 



K 

X 

o • 


y— 

o 

CO 

0^ o 


O 

X 

p> 

*• * *- 


X 

p» 

i— 

o 



-J 

LJ 

xxx 

UJ 


UJ 

X 

^ W * 

— j 

UJ h- 

GO 

Pk 

i- n 

i— 

eO O 

< 

LO 


*-H 

< X 

-j 

>- 

< < r\j ►_ 

-J # 

> 


i- f- | 


> n 

•» 

eg 

oO 00 -* 

o 

•* t 

0 

0 

O' 

> > X 

z 

X — 1 

» 1 

• 

► — - 

< 

X I 

o ^ 

1 

• • 1— 


—1 

— + 


0 

c 

00 

UJ 




'M 'M <r 

♦ + * 

X D 


oO O 0 
■U >XI 
X X 
<r < 


x > 


< <r 

u u 


00 

>- 

II 

-J 

LU 
rj 
i <r 


LU TO 

I- < 

< -J 
I — > 

O If 
X -j 
■u 

_l TO 

^ < 

< -U 

LJ >- 


UJ X 

h- •>— 

< K 
H- Qt 
X < 
Z h— 

OO 
-J > 
-J II 

< OO 

o >- 


o 

a o 


r- Q 


ro 

in 

r- 

-H 

—4 -H 

04 

rO sj- 



4* 

t 

o 

o o 

o 

o o 

o 

o 

o 

o 

o 

o o 

o 

o o 

o 

o 

3 

o 

o 

o o 

o 

o o 

o 

o 

o 

3 

o 

o o 

o 

o o 

o 

o 

O 

O 


eg ^ o 
tn in o 
O O o 
o o o 
a o o 
o o o 


O oj is o h M rA 
o o-oN-r^r-r^ 
o o o o o o o 
O O o o o o o 
o o o o o o o 
o o o o o o o 


v0 

r* r^ 
o o 
o o 
o o 
o o 


O H 

o o 

~4 •— 4 

o o 
o o 
o o 


rr ^ o 
c ~g Nf 

^ 

o o o 
o o o 
o o o 


eg O — I in o 

A jo -o o r^~ 

^ ^ ** ,I J I ^ 

O^ooo 
o o o o o 

o o o o o 


24 


APPENDIX 


o o 
o o 
o o 

38 

sO h- 
4 4 
4 4 


o o 
o o 
o o 
o o 
o o 
00 

■4* 4 

4 " 4 “ 


o o o o 
o o o o 
o o o o 
o o o o 
o o o o 

o <\l ro 
la in la in 
4 4 4 4 


O O 

o o 
o o 
O o 
o o 

4 - IT’S 
m in 
4 ' 4 * 


o o 
o o 
o o 
o o 
o o 

4 ) f** 
m m 
4- 4 


O O C 
O O O 

o o o 
© o o 
o o o 

cO < 7 * O 
U> l/> sO 

4 4 4 


o o o o 
co 4 in so 
4“ 4 4 4 


OOOOOOOOOOO 


QDCOCOoOCOCOCDCDCOcClCOCDCOaDCC 


co 

I 


-» a 

O rO J 

* l a 



*■ 




— * 

a 












o 

* 

a: 












*» 


►—» 









w 



a 

H— 

X 









H— 



< 


>— 









a: 



-j 

< 










< 



*> 

H* 

> 









V— 




lO 

* 

o 








lO 



«• 

> 

LU 

Al 








>■ 




I 

> 








z 

•k 




•> 

LU 

a 







*— «• 

o 



> 

O 


H- 







o 

f 



► 

* 

LU 









o 


LU 

X 

o 

X 

© 







QC 

W 


-J 

•w* 

■*— 

< 

o 







o 



i— i 



Of 






o 



h- 


LU 

h- 

H- 

LL 

— » 


LU 



»— ♦ 


LU 

-J 


a 

~J 

— J 


CO 





< 


h- 

Q. 


a: 

a 

Cl 

'U 

t 


< 





< -J 


CL 

z. 

© 

O 

t— 


OC 

LU 




O 

<1 



— < 

< 

z 

_l 


LL 

© 




O 

o 



-j 

O 

<c 

• 


z z 

z 

1 — 


— J 


o 

a 



> 






< 


LU 

-J 

It 

-j 

-j 

© 

© 

•w 


© 

I— 

© 



a: 

-J 

a 

CL 


© 

< 


o 

3 

z 

h- 

ac 

Q 


< 

< 


< 

< 


X 

ii 

< c 

UJ 

a 

Z 


O 

— j 


o 

o 



*: 

o o 

oc 

LL 

LU 











o 


© 












OsJ 


CO 


o 



o 



o 






o 



4 

r-4 


'NJ 

r\j 


r- 

LA 

LA 

vO 

o 


r-> 


r- 

o 


© 

^4 



C\J 

f\l 

r\j 

A J 

AJ 

AJ 


^4 

r\l 



aj 


Al 

OJ 

AJ 

AJ 

AJ 

r\j 

N 


a 

o 


o 

o 


a 

o 

o 

© 

o 

© 

O 


o 

o 


o 

o 


© 

O 

© 

O 

a 

O 

o 


o 

o 


© 

o 


o 

o 

o o 

o 

© 

o 


25 



IC"ld 


APPENDIX 


r* vO rg 

(M n vt 

** m <-* — * 
N O M M 

o o o o 
o o o o 


lift 


CL o 

< x a 

-1 X x v 


o 

o 

^ in — < in •g > 

ro O sf ^ sf 
CD ?*4 *-4 f 4 

eg O CM rsl og 
O O O O O 
O O O O O 


I 1 I I I 


IU LU 
JUCOU 
f— l~i < t— 


-J H- X > > 



o 


a 


o 


o 

f- 

<r n J 

O CO 

o 


o -o 

CO sf 

o 

eg 

O r -4 

pH pH 

o 

O 

O *M 

eg ng 

o 

o 

a o 

o o 

o 

o 

o o 

o o 

o 


t I I I I I 







X 










CL 










< 








cO 


CD > »— 







o 

X 


CL O CO 







CO CO 

i — 

*: z 

X V >- 




gj 


S) 

h- 

D 

CO 



CO 


o 


H* 

z 

Z 

H- 



LU 




X 

UJ 

’iJ 

z 


CO 

*-h 

CO 

X 

X 

LU 

x 

-J 

LU 


X 

ac 

h- 

CO 

L- 

X 

z gj 

m 

X co in 

O D vO 

Z 

< 

U 


o 

z 

O <M 

O 

Z co ro 

^ m 4- 

< 

CL 

'X' 

0C 

z 

o 

*— eg 

z o 

C J5 X *— » 

H N 

h« 

O 

CL 

UJ 

LU 

1— i 

co o 

< o 

1— I Csj oj 

eg h eg 

CO 

CL 

i—# 

-J 

-J 

'7) 

co o 

o 

CO O O 

o o o 

z 

X 

O 

1-4 


I/O 

< 3 

cO O 

f /0 o 3 

0 0 3 

3 

UJ 

z 

X 

X 

< 


uu 

< 


O 

h— 

M 

X 

< 



X 






3 


z 

Z 1 

< 1 

UJ 1 1 

1 1 1 

LL 

LL 

X 

o 

CD 

n 

xi 

z 

-J 


3 

3 

o 


o o 


X 


CO 



r-H 

^0 

a o 

or m 

♦— 

<0J 


< 


1— CO 

1- o 

x o 

X O 

CL —1 

o 

X 

o z 



or eg 

0C -O 

ac co 

cO >t 

ao eg 

z 

< 

n -* 

a: h- 

o 

< o 

< o 

<f o 

3 in 

3 O 

3 

H- O 

-j < 

< o 

Q CO 

t- o 

L- O 

L- O 

Z CO 

cO O 

LL 

co eg 

cO X 

> X X 

X >- > 

co o 

CO O 

CO o 

3 O 


26 


APPENDIX 


OOOOOOOOOOOOOO 
OOOOOOOOOOOOOO 
OOOOOOOOOOOOOO 
OOOOOOOOOOOOOO 
OOOOOOOOOOOOOO 
oo <7* O <\1 3 sf 
vO'O'O'O'O'O'O'O 


0 

0 

0 

0 

O 

O 

0 

O 

0 

O O 

0 

0 0 

0 

0 

O 

O 

0 

O 

0 

O O 

0 

0 0 

0 

0 

O 

O O 

O 

0 

O O 

0 

0 

0 

0 

0 

Q 

O 

0 

Q 

0 

O O 

0 

0 

0 

0 

0 

O 

O O 

O 

0 

O O 

0 

vO 


00 

0 

O 


<\l 

m 


LA nO 

A- 

r- 

r- 

a- 

h- 

00 

00 

03 

00 

CO 

CO 00 

00 




000000000 

ooooooooo 

ooooooooo 

ooooooooo 

ooooooooo 

OOOO^fNJ^'t^'O 

oooo<^c^a , ‘O v C'C^cT , 


o o o o o o 

o o o o o o 

o o o o o o 

8 0 0 0 0 0 

o o o o o 

N QO O' o H (N 

o o ^ o o o 

>fr 4* LA LA lA 


288 SSSSS 8 SSSS? 81 £ 8 ggS§ 8 ggS 88 g^^^ 

ooouuouuuooooouuuoooouooououoooooooooooooo 


* * 

# f- 

# Z 

# «-« 

* o 

* a 

* h» 

* 2 Z 

* LU •"-* 

> o 

CO *-* <x 
nO O | 

I 2 
«-* < 

O LU 
| h- X 
00 < H- 

o 

LU 

a > • 

111 M IU 

lO h J • 
H < D Q 

> > < Q 

lii M hC 

ac ac 

LU 2 eo 
LU O UJ — • 

z > 

H LU H Z 
H- X O 
3 h- UJ 
O < oc 
oc uo uj 
CD Q 2 I 
-* 3 2! H- * 
Q lO M 
cc LL >- o 

< LU 

> X o 00 

► 00<ZD 
<-■ oc < 

oc | o 00 

< -4 3 X • 

> O QC 

► | n o < 

a CD O LU u 
Z o 3 aC o 

» lo x 

X LU <S> QC 
«• H 2 JJ O 
J<UQll. 

H UJ 2 


a 

z ^ 

3 + 

o x 

LU * 

f\l 
00 II 

M z ^ 

UJ 


> • CD 

Z < 


< * 
> < 
*-» -J 
JC 3 
UJ x 
Q of 

o 

X LU 

u 

1 —* h— 

X z 
X — 

o 

H cl 

< 

LU 

> X 


< 2 

h-4 

X X 

af 
LU UJ 

a h 

UJ 

t- a 
z 

*- o 

O >- 

a 

*> 

LU ‘A 
X I 


QC CL a 

< z z 

> — — 

— a 

LU QC QC 

O <r < 
> > 
UJ 
-J 

CD » 

< X 

H* • 
► > 


CD UJ 

00 < -I 

V— •— * CD 

z oC ■< 

P-. < ~ 

O > OC 
CL < 
K > 
LU Z 
O UJ U- 

a z 

Q£ Z OJ 
uj uj O 
co a z 

X LU UJ 
3 O Cl 
Z Z uj 

o 

UJ 

X u- LU 
H- O O 


a: c£ qc < < 

UJ LU UJ QC 0C 

o o o a: qc 


a 

z 

Q 

QC 

< 

> 


a 

z 


QC 

<f 


o 

o 

o 

o 

o 

o 

o 

o z 

O QC 
O 3 
O h- 

O UJ 
O aC 

o 


z 

QC 

3 

H~ 

LU 

a: 


CL 

z 


o 

« 


QC 

3 


a 

o 


* 

3f 

LU 

z 

* 

oC 

o 


a 

o 


1 -* z 

Z 

h- 

p— ( 

UJ 

’U 

UJ 

< 

< 

> 

0 

— * 


* 




•—* 


CM 


O UJ 

3 


O 

1 — 

i— 

1 - 




0 

rH 


LA 




X 


X 


X 

LU 

QC 

z 

Z 

z 

z 

II 

II 

z 

r- 

• 


t 


H 


• 


• 

Z 

Z 3 


O 

< 

Ni 

»— 

w 



0 


>— 


H 


+ 


UJ 


L- 

1 

3 O 

</> 

UL 

q: 




1— 1 

0 

p— ' 

N* 


-4 

3 


X 


-J 


— J 

CL 

— ♦ 3 

»— * 


0 

H 

II 

II 

QC 

oC 

oQ 

H 

* 

+ 

* 


1 


t 


• 

z 

f- O 

X 


< 



CL 

< 

<r 

z 

0 

X 

X 

X 


CL 


—1 


— 1 

w 

O 

K 


_j 

-l 

X 

z 

> 

> 

UJ 

II 

— ■ 

* 

— 

X 

z 



1-4 

w ' 

1 

z n 









X 

UL 


ou 


II 

II 

— 1 


X 


-J 

J*. 









*— 

►— ♦ 

LU 

II 

LL 

*■"4 

CsJ 

H 

LL 

II 

LL 

11 

f TT 

LU ^ 









0 

O 


z 


X 

X 


fc — ' 

iC 


>2 


3 3 

Z XX 

^ ~ o 

11 QC OC 

3 3 < < 

*c + > > 

I O X II II 

JfNjX-*-' • • • 

II II 3 3—100 

„ X 3 3 ~ w II l| M 

> 2 xorx><oo 
o 

<\i 


o 

't 


a 

o 


z — 

- 'sC 


II o 


O 3 
'fr — * • 


a lu 11 
a cl 


o 

rn 


o — 
o ~ 

Z ~ X 
3 I 
rH t — * 

II Of 3 

H UJ - 

• X 

O — * 

rC — # 
CL 

O U. II 

a — a 


* 

-% a_ 


X — 

I 3 


-* *: > 
u- ~ + 

Z X CD 

3 M 11 
o I- 

o 

m 


00000000000 


O O—'lTvf^O— 43 vf 

_4 ^ f t t « « 

o 00000000000000000030000 

o 00000000000000000000000 

o ooooooooooooooooooooooo 

o OOOOOOOOOOOOOOOOOOOOOOO 


o m 0 ^ 
0 0 0-4 

^ ^ ^4 ^ 

0000 

0000 

0000 


27 



APPENDIX 


o o o o o o 
O O o o o o 
o o o o o o 
O O o o o o 
o o o o o o 
't Ifl >0 N ® 

o o o o o o 

un lh in in in in 


o o o o o o 

m sf l/\ sO 00 

u u u u o u 


o 

* 

V 

>— LU + 

v D ro 

• 2? # 7Z 

l~ H M < ^ 

* + K II D 

< ' J 2 LL K O 

M II TD — LjU 2T 

<t J o o u 

o 

<}- 


>r O O h- o 

^ < Osj nj -n 

o o o o o o 

O O O o O *3 

o o o o o o 


28 


APPENDIX 


N ^ 

o r- >0 

-h <\i — i 

o o o o 
o o o o 
o o o o 


I I I I 


QZ Z> 


o 

eg 

o 

o 

o 


r*- — < o o 
o o o ur\ 

MM NH 

o o o o 
o o o o 
o o o o 


I 


I 


o 

vf O^JZX 


c0 

o m r- rM 

o 

O o e* 

"4 

eg -g —4 eg 

o 

o o o o 

o 

o o o o 

o 

o o o o 


1111 


o 





~o m 



00 

H“ 



H 

Z 



z 

LU 


X 

aJ 

X 


s— 

X 

Z eg 


o 


o '-n 


z 

o 

o 


UJ 

t— 4 

oO o 


-J 

-o 

OO O 



O 

< o 


X 

< 



< 


h- 


nr 

z 

z t 


C3 

1 

LU 


Q fO 

V— 4 

X 


aT — t 

1— 

LU 


CL 'NJ 

o 

H- 

la- 

CO O 


< 


z> a 

D 

h- o 

cs 

o 

LL 

00 — I 


oO 






r 



—4 



\— 


c3 -> 

X H* 



-3 

00 





Z 

s- 





LU 

z 



oo 


-J 

UJ 



J— 



X 

'JO — * 

eg O 

z 


o 

z 

O —i 

o — » 

< 


z 

c_D 

r\j eg 

eg eg 

h- 


< 

i— i 

O O 

o o 

oO 



oO 

o o 

o o 

z 


OO 

O0 

o o 

o o 

a 


UJ 

< 



o 


X 






<1 

LU 

1 > 

\ 1 

Ul 


Z 

-J 



o 

eg 







< 



s— 

m 


—4 



of -a 




< 

o 

-J 

< 


X 

H- 

o 

CO 

> 

<1 »*-4 

X CL 

00 

o 




LU 


oO 


o 


UJ 


<1 


►—* 

00 

a 


a: 

h~ 

00 


< 

a 



oc 

UJ 

nr 


a 

a: 

IU 


a 

«— » 

-j 


X 

cs 



UJ 

z 

a 


b~ 


X 




o 


*-L 

LL 

O 



a 



LTs 

r0 

c 

O 

S- rO 

V- 4* 

UJ 

O 

a: — 1 


OO 

o 

< o 

< o 

75 

o 

K o 

H* O 

Z 

rO 

00 o 

uO O 

O 

O 


29 



APPENDIX 


ooooooooo 

ooooooooo 

ooooooooo 

ooooooooo 

ooooooooo 

O r— ^ •— -4 **H t— 4 <— 4 H pJ 


o o 
o o 
o o 
o o 
o o 

CO 0 s 


o o o 

o o o 

o o o 

o o o 

o o o 

O <— 1 c\j 

*— * •— 4 CsJ AJ <\j 

in la in in in 


o o 
o o 
o o 
o o 
o o 
3 -t 
csj eg 
in in 


o o 
o o 
o o 
O o 
o o 
in jo 

<N CM 

in m 


o o 
o o 
o o 
o o 
o o 

h* CO 

<\l Csj 

in in 


o o o 
o o o 
o o o 
o o o 
o o o 
^ o ^ 
eg 3 3 
in in in 


o o o 
o o o 
o o o 
o o o 
o o o 
eg 3 pf 
333 
in in in 


o o 
o o 
o o 
O o 
o o 
in o 

3 m 
in in 


o o 
o o 
o o 
o o 
o o 
r- co 

3 3 

in *n 


o o 
o o 
o o 
o o 
o o 
o o 

3 m- 

in in 


o o o 
o o o 
O O o 
o o o 
o o o 
<— 4 csj 3 
^ pf vf 

in in in 


o o o o o o o 
o o o o o o o 


o o o o 
O O o o 
o o o o 
st in 'O 
pf sf <f pj- 


o o o 
o o o 
o o o 
CO o o 
<r vj- in 


in m in in in in in 


ooooooooooo 

^Nf0>tlAs0N0C0'O^ 

t— 4 —4 

oooocoooooc 


ooooooo oo 

csi 3 pJ* in p 0 oo o 

i— 4 4 — J >— 4 — ( r— 4 PMAJ 

ooooooo oo 


oooooooooo 

NO>tlAOSoO^OH 

(\JNN<\JfNJf\J(NJ(\j^rC 

OOOOOOOOOO 


ooooooooooo 
csjpci'4-tn>or-ooc7' o eg 

QOCOOOQOOOO 


* 


X 

































* 


o 

































* 


UJ 

































* 


X 


UJ 































* 


o 


X 































* 




»— 1 































* 


V 


h— 































* 


K 

































* Q. 


i 


> 































3 


o 


X 































-J 


t— 4 


LU 































Cf K 


2 


> 































o uu 


O 


UJ 

































h- 



































O 


UJ 






























< 

V. uu 


2 


uu 






























> 

N Z 


O 


-J CO 































►-r 


X 


CO < 






























UJ 

L- 




< *~ 






























L— 

o o 


a: 


f— 






























2 

UJ O 


a 


UN 









— p. 





















4-4 

m <*: 


LL 


*- X 









2 






















m 0Q 




X < 









*k 





















O 

> o 




< > 









r*4 





















2 

uj m 




> 









M 



















in 

*pp 

UJ 

o: 


o 


2 









o 


















o 

—j 

N4 


2 


t 


2 UJ 









*k 


















0" 

< 


X 

uj C ^ 


•H 


UJ > 


























* 

*4 

•> 

4-4 

a 

2 nj 


i 


> -» 









o 

















— > 

o 

CL QC 

C£ 

4—* -W 




o 









p^ 

















r— 4 

—4 

LU 

c 

LL 

K < > 


o 


o 









o 

















+ 

F— 4 

L- 

> 


O O _J > 


K- 


< 









X 


















* 

2 

1 

UJ 

ocr o o 




a: 









< 


















o 


X 

K 

< X 0. •• 


m 


O 2 









> 

















X —4 



< 

> cO X — * 


X 


UL O 









W 

















• 

fU 

LL 



► D 'UJ m 


UJ 













o 





o 










4— 


a 


o 

m l/) h w 


►“ 


a: o 
















in 










J 




CL 

oe: 2 > 


2 


UJ LU 






o 



2 


p» 





t* 










• 

— , 

X 

M 

< 

< — < 


t— 4 


H» in 









► 


o 





o 










X 

X 

u 


X 

> * 


o 


2 O 






•* 



i-4 







H 










• 

J 

o: 

•— 1 

b- 

* > ^ 


a s 


*— 4 

H 





o 



II 







•» 










UJ 


< 

a: 

X 

2 X 




a lu 

+ 








o 


o 





o 










-J 

» ' 4 

jj 

< 

UJ 

* O' < 


o | 


a co 

—Pi 





•> 



•> 


m 















* 

+ 

m 

> 


X 'O ^ Q 


< * 



m 





o 



-p. 


















»— 4 

i 

14 

•• N CD X 


> 3 


-j -i 






CSJ 




















4-1 

p— ' 

X 


in 

>- f- t-H <t 


x <t 


< -j 







> 


-p* 













O 






3 


h— 

►s _j > 


LU N 


> — * 



o 

o 


— p 

L- 


— o 





o 







cu 

CO 




X 

x 

LL 

+ 

2 

X N- 


l- 


x ~x 

— % 


NO 

^0 



4-4 


c«r 2 


i 



2 


1 











< 


4-41 


w U. *- 


2 3 


LU 

—4 




X 

p-4 

o 


< 4-4 





4—4 


o 






3 





> 

2 

w 

a 

o — 


*-« pf 


H * 



o 

c 

o 

•w 

4—4 


> in 


*<• 



in 


<— * 




•—4 

C H- 




-J 


O 

>— p 

CL 

X UJ -4 

O"* 



2 UJ 

k— 4 


h- 

L- 

LU 

»~4 

2 


w < 


»— 4 



< 


4—4 




| 






< 


*—4 

a: 

Q 

3 V- 2 — 

3 

-J <-u 


H-4 L- 

a: 




X 

X 

a 


• UJ 


Qi 



LU 


X 



— ) 

2 


3 




> 


K 

< 

2 

-J < O *-4 


O II 


2 

< 


o 

o 

o 

< 

L— 


x ^ 


< 



aC 


< 



II 

II 

3 O 




CL 

X 

o 

> 

LU 

C >- X 


< o 


2 — 

> 


o 

o 


> 

o 


- o 


> 



O 


> 


2 



3 





UJ 

l 

UJ 



IL H < 

I-P4 

•4 


O O 

w 




> 

1 

2 

p— 

O IU 


1 



2 


1 


O 








L* 


X 

•> 

LU 

> 


JJ — 


*-i CL 

LL 


— p 

-** 


•— * 

a 

1—4 

o 

2 




— 4 

2 



— i 

— . 

— p 

— p 

O 




2 

N— 4 


o 

3 

UJ 2 O 


NJ -3 

— * 

l/> 

O 


o 

(XI 

— 

CsJ 

X 

X 



O 




•> 

o 


Up 

o 

2 

r— 4 

• 

OC 




3 

• 


2 UJ — • 2 

2 

1— 4 p— > 

X 

tn uj 

o 


t 

» 

u 

'-p 


< 

o u 

CsJ 

— * 



o 

CsJ 

p-» 


< 

• 

• 

• 

LU 

UJ 

— * 

o 




in 

*-4 X LL a 

a 

-J *- 

*—* 

< T 

-J 


UJ 

1- 

>— 4 


2 

> 


II 

—4 

UJ 

o 

—4 

M 

•—4 

UJ 

-J 

LU 

UJ 

LU 


o 

i—4 

0 

-4 


m 

w 

*- 

1— 3 *-N *— « 

i— 4 

< M 

lO 

<f 


l~» 

o 

—1 

2 

cc: 

*-4 

p— ■ 

2 

O 


o 


2 

o 

rL 

o 

3 

-J 

O 

-1 

• 

X 


r-4 


< 

tu 

2 

3 

3 0 3 oO 

KjO 

— - p-p» 

CO 

lO 

o 

-J 

« 

• 

J 

< 


L 

O 


< 

2 


O 



2 

CL 

« 

* 

♦ 

< 

o 

o 


ud 


> 

O 

3 

0 0 0 2 

2 • — 

< 


o 

W 

»— 1 

2 


> 

a: 

O 

L- (— 

o 

> 

4—4 

O ^ 

o 

> 


X 

—4 

4-4 

2 

«L 


X 

3 

(— 




t o r ‘jj 

LU 

i-t <J 

*— t 

UJ 

X 

1— » 

w 


o 

w 

o 

O 

2 <X O m 

— 

L— 


o 

in 

p^ 

K- 

UJ 





3 

< 

L- 

< 


3 

n 

X 

"0 # x 

5! 

2 H» 

II 

X 

II 

I— • 



2 


cr: 

— J 

-<0 2 



2 


2 



2 

h- 






> 


o 


it 


o * -« 

4 

•— < 

< 

1- 

t— • 

jl 

LL 

LL 

O 

LL 

a: 

II 

oO- 3C 

LL 

o 

o o 

c 

LL 

3 


LL 

LL 

LL 

LL 

UJ 

II 

a 

o 

■U 

2 


LL 

m * o 

O 

O 

x 



p-l 



X 

** 

UJ 


a m 3 

o 


o 

O X 

a 

I— 4 

O 

— * 

i— 

4—4 


4-4 

rsj 

> 

o 

—1 


4—4 

4—4 

4—4 






3 

o 

O 

3 

O 

3 

O 

O 

O 






CsJ 

m 


in 

3 

1^- 

X 


o u 

o 

o o 

a 

o 

3 


o 

3 

3 

3 

3 



—4 

—4 —4 

CSJ 

in 

r" 

H 

m 

n in m 

in csj xO 


H 

rr\ p^ 

CSJ 

’Ai 


3 

pf in 

O 

3 


-4 

—4 —1 

—4 

CM 

CsJ 

m 


rn >? o 

o —* ^ 

CsJ 

CSJ 

nj eg 

3 


If 

pf 

pf <f 

pf 

n 

o 

o 

O 3 

o 

o 

O 

o 

o 

o o 

— 4 1— 4 «— 4 

—“4 

p^ 

r-4 —4 

f4 

—4 



•-4 ^ 

p^ 


o o 

o o 

3 

a 

O 

3 

o 

0 3 0 

0 3 0 

o 

3 

O 3 

o 

o 

o 

3 

3 3 

3 

o 

O 

o 

o o 

O 

o 

o 

O 

o 

O O O 

0 3 0 

3 

O 

O O 

O 

ooo 

O O 

O 

o 

O 

o 

o 3 

o 

o 

o 

o 

o 

o o o 

o o o 

o 

O 

O O 

o 

o 

3 

O 

O O 

o 

O 


30 


APPENDIX 


o o o 
o o o 
o o o 
o o o 
o o o 
negro 
in in to 

in in in 


o o 
o o 
o o 
o o 
o o 
in 
in n 
in n 


o o 
o o 
o o 
o o 
o o 
vO r- 
n n 
n n 


o o o o o 

o o o o o 

o o o o o 

o o o o o 

o o o o o 

00 O' O H N 

ia in -o ^5 'O 

n in n n m 


o o o o o o o 
o o o o o o © 
o o o o o o o 
o o o o o o o 
~ - 5 o o o o 


ooooooooo 

©OOOoOOOO 

ooooooooo 

ooooooooo 

ooooooooo 

(\J iA vC N 00 (T' O 


o o , 


mininnnnninn 


oooooooo 

r^^nor^-aooo 


o o o o o o o 
r-t rg m in >o N* 
n n n in in in in 


oooooooo 

OOCTOHrsirAstin 

mA'O'O'O'O'O'O 


o o o o o o o 
so oo 0 s o ^ <n 

>o n o 'O r- 


oooooaoooaoaoaaooooaacaaanoaooo 

















z 




of 













a 




< 













M 




> 













1 - 




■ 













»-* 




i 













m 

















C 




+ 










+ 



Cl 




*— » 






o 




— J 







w 






>fr 




<*» w 



H- 




*— < 










— J *-» 



< 




q£ 










Of 







< 






o 




— < 



00 




> 










Of > 



Cl f 














< 1 



3 in 




N 






o 




> — 



-j — ' 










o 




1 <N 



l- o 














— + 



IL 00 




X 






A 







w 




| 










+ — — 



Of X 










<-* 




— J •— 1 -J 



a x 



o 







X 







LL •• 



o 

___ 






1 




•— i <t ^ 



^0 




M 










Of > Of 



of O 




q£ 






<N 




<. < 



UJ ► 



o 

< 






+ 




> V > 



o 




> 






1-4 




w ^ 1 

\ ^ 



of Z 

a o 




■ft 










^ N N 



h-< 



o 







Of 




— — + 



LL 1 - 










< 




r -4 > -J 



a < 



—■4 

+ 






> 




w * ^ 



u 




— * 






•—0 




> — • ►«# 



H* O 










* 




* N OC 



D -1 




o 






X 




+ <• 



u 



x 

Of 










-< -1 > 



z 



1 

< 










+ w w 



^ ■-» 


o o 


> 






* 




JQ \ 



a 


—4 ^ 

1— -1 

1 



o 



H* 




^ of ^ 



-J o 


*^4 

•f 




4 - 



-1 




Q < ^ 



LU UJ 




X 



f-l 



» 




Of > *-* 



CO of 


o O 

— o 

1 










< t — 



o 


h- t— 

i— nj 




O 

o 






>^> 



LU K 



of >“-4 

— J 


o 

f— 

m 






1 m ^ 



-J m 


o a 

< 

+ 


f-» 


— i 


— » —4 




^ 



'*0 


O O 

> o 

*-« 



o 



— 1 




rg > N 



< sn 



w *~ 



o o 

a 


1— 1 »— 1 







h- k—r 



# 

1 — * 


h- 


H- 

h* 

Of — 



X 

X > > 





O Z 

— a 

a: 



— k 


z 

< N* 



1 

| * -H > 



X UJ 


« # 

x o 

< 


3 


a 

k -4 

> of 



X — 

— + 1 



O -J 


LU LU 

i 

> 


O 

— 1 

o o 

1 < 



1 -1 

N J J 



in co 


_j o 



or 


1 


a 

~ > 



~ + 

+ — * k- 4 » m 



•> <t 


t • 

v_ AJ 

of » 

LU 


z 

«•» 


-* 1 



J -J 

J ^ o — 



>— 1 H* 


— *1 — i. 

— «■ t 

111 

a 

nj 

w 


3 

+ X 



- k— ■ 

— Of of > 



X 


Z 2 ! 

m nio m o 

of 

« 

• 

• 


M W 


o 

t— • *-H 

^ < < # 



i —4 X 


M M 

Crf JJ 

of — - >0 

o 


—4 

— * 


n 

X CC 

of > ^ 





+ + 

< • 

a o — * 


LU 

LU 

LU 

X 



H 

< < 

< w S- 

II 


X 


*-H 1 — I 

Z > < 

of 

a 

• 

• 

• 

I- 

Of l/> 



> > 

> l| II w 


~z 

H* ^ 


W W 

m - r 

H- <t 3 

■ 3 * 

Z 


*— * 


< — 


o — 1 

II II 

II — - > 

1 — • 

of 

<i 


w ^ 


n > i— 

b 


w 

w 


> •— 


i- 1 

— ' ‘ — k 

— -4 (VJ > 

-J 

o 

X \ 




nf w 

o 




o 

II 

•— « 

*— i 

>—4 nj 

rn w w 

W 


of •* 

o 

u_ a. 

il ll a. 

— u a 

LU 

LL 

LL 

LL 


L<f U. 

II 

O ll 

— • «— 

->> II 

•— 1 

JJ 

O n 

z 

•— i *— » 


IL > ^ O 

>— * 

*— < 

>— * 

cv 

OO *— i 

-J 

O -J 

> > 

> > V > 


of 

LL — 

UJ 


















o 

o 



O 





o 

o 

o 


o 


o 


o 




m 





m 

't n 


sO 


r- 


I — 1 

p -4 



•—4 






H 



r — 4 


H 




o 

o 




o 







c 

> 


r\j in N- O <f 



F — 4 

m 

-0 


f*“- i —4 

p -4 

m rn 

n I s - 

r-i m nj m 


n 

sO 

o 

n s£3 sO K A— 

r- -< 



H 



w* rg on 

-n m 

rn ro 

^ >i- n gj 

p-. 

n- 

N* 

K 


rH r— ^ H 

— i rg 


nj 

nj 

eg 


rg na rg 

rsj nj 

nj <\j rg nj rg eg 

<\i 

rg 

rg 

rg 

o o o o o 

o o 


O 

o 

O 


o o o 

o o 

o o 

o o o o 

o 

o 

O 

O 

o o o o o 

o o 


O 

o 

O 


o o o 

o o 

o o 

o o o o 

o 

O 

O 

o 

o o o o o 

o o 


o 

o 

o 


o o o 

o o 

o o 

o o o o 

o 

o 

o 

o 


31 


730 - 58100000 



FTLUP 


APPENDIX 


*•* sO ^ t*\ 
fSI r- 

fH <n rsj 

o o o o 
o o o o 
o o o o 


1111 


o o 
O O r\i vO 

sj- X -* r* 


^0 't iTi 
i— < '4‘ N r<0 
** —i r\j 

o o o o 
o o o o 
o o o o 


I I I I 


o o 

oo Hin 
ro h h 


in ftj og m 
O rr> c m 

— i — i rsj 

0 0 0 3 
0 0 0 3 

o o o o 


I I t I 






o 

o 

cO 




o o 

o 

•t 

X 



CO 

(NJ O 

i-H 


V- 


Uft 

h» 




3 


V- 

Z 






r 

ILI 




LU 

X 

LU 

5: 




-J 

h- 

T 

e 

v0 r- 

ro 

■ — ‘ 4“ 


O 


o 

rft rvj 

in 

3 o 

a 


O 

— * 

O ^ 


*\J eft 


LU 

•— « 

c0 

o o 

o 

o o 

< 


cO 

cO 

o o 

o 

o o 




< 

o o 

o 

o o 

c0 

s: 

< 





SJJ 

< 


L- 




t: 


-* 


1 1 

1 

1 1 

< 

o 

O 

LU 





O vf 

•— » 

X 





aC 4- 


U 





CL ^ 

3 

J— 




o 

CO O 

Z 

< 



o o 

o 

o o 

O 

L— 

o o 

o 

3 p^ 

-J 

/> o 

UL 

CO 

^4 lO 

O' 


CD 


O sf 
sf ro 
<4- >* 

o o 
o o 
o o 


I I 


< 
*3 X 


H in N 
>j- m ia 
4* rn 
o o o 
o o o 
o o o 


l t i 


z « > 

*- -I > 


*"4 <3 ^ 

•>0 <f in 

m >4" m 

o o o 
o o o 
o o o 


I I I 



-J > 




CO 



co 


»- 



LU 




CO 


( y) 

LU 


1— 

ft: 

h— 

T vC 

'm 

3 

< 

o 

~<£ rft 


< 

ac 

jj 

O vt 

^ -4- 

t- 

a 

X 

*-« o 

o o 

co 

0- 

M 

cO O 

o o 

z 

s: 

3 

CO 3 

3 O 

n 

LU 

7 

<1 


o 

1— 

*— i 

UJ | 

1 1 

LL 

LL 

LL 

-J 


a 

a 

n 

OD 


o 

f-»l 


< 


k a 

h- OJ 

h- ro 

H- f 


X fft 

ft: rft 

ft: ro 

V 


< o 

<r o 

< o 

< 

* 

h- o 

o 

H o 

> ^ 

*: co 

cO O 

cO O 

CO o 


32 


UNJStU CUMPILEK SPAC 
035200 


APPENDIX 


0000 

0 

O 

0 

0 

0 

0 

0 

0000 

0 

0 

0 

0 

0 

0000 

0 

O 

0 

0 

0 

0 

0 

0 0 

0 0 

0 

0 

0 

0 

0 

>0000 

0 

O 

0 

0 

0 

0 

0 

0 0 

0 0 

0 

0 

O 

0 

0 

00000 

0 

O 

0 

O 

0 

0 

000 

0 0 

0 

0 

O 

0 

0 

00000 

5 

O 

O 

5 

0 

0 

0 

0 0 

0 0 

0 

0 

0 

0 

0 

rg m gf in vO 


00 

a 

O 

-4 

<NJ 

<n in 

nO n 

CO 

< 7 * 

0 

—4 

<N 

50 00 ao ao 00 

00 

00 

00 

0 " 

( 7 s 

0 * 

a- 

O' O' 

O' C 7 ' 

O' 

O' 

0 

0 

O 

in in in in in 

in 

in 

in 

in 

n 

in 

in 

m in 

in in 

m 

in 

^0 

'O 

sO 


O 

0 

O 

0 

0 

O 

0 

0 

0 

O 

0 

0 

000 

O O 

O 

0 

O 

0 

O 

0 

O 

0 

0 

O 

0 

0 

0 

O 

0 

0 

000 

O O 

O 

0 

O 

0 

O 

0 

O 

0 

0 

O 

0 

0 

0 

O 

0 

0 

000 

O O 

O 

O 

O 

0 

O 

0 

O 

0 

0 

O 

0 

0 

0 

O 

0 

0 

2 2 2 

2 2 

O 

O 

O 

2 

O 

0 

O 

0 

0 

O 

0 

0 

0 

O 

0 

0 

000 

0 0 

O 

O 

O 

O 

(0 

* 4 * 

m 

>0 

r- 

00 

0 

0 


eg 

m 

>* 

m k 

00 O' 

O 

-4 

eg 

m 

O 

O 

0 

0 

O 

0 

0 

-4 

H 

f -4 


^4 

f -4 «— 4 >—f 

H >4 

eg 

eg 

eg 

eg 

'O 


0 

NO 

>0 

-o 

>0 

NO 

>0 

'O 

vO 

*C 

nO g^ go 

^ nO 

go 

vO 

>0 

0 


rnOO«— igo^sO^'4’'-^ 
00 »-» 0 r- 40 eg 0 m 0 


(NJfri'flOO^^'t®^ 
-4 in>Oegrgrge-NOeg^ 
^corgO"— *r\jC s '^'aoN- 

(Njr-iONQONiArvjr^N 

^OlAOlAOsOOKO 


(\jf\jvOroO(N' 4 ’sOao^ 

( 00 ^ 0 ^ 000-40 


rg ao gj 4* ^ 
in o o sO tn 
O' O 00 >#■ o 
O IA oo i/> sO 
M O N O ^ 


^■ooooiACT'r-Ostmo 

^r-rgmcnao^sfe-O 

r 4 f\^< 4 NtO'NOOONON 
OvOO>t Hh^O'- 4 N 
000 * 4 QM 0 N 0 fn 


^rOv 0 ^-r s -r- 4 Lns 0 ^ 0 ‘ v 

r^tr\^oo rs ^)*- 4 , ^r *“'0 

r'-inO'' 4 , oegfAi-iinO' 

r -ii^^ 4 rCfM^ 4 rviC 7 'fvjsO 

O't 0 i/' 0 ' 00 ^ 00 s 


rg^LAf^corgr^iACT'O 

^pgoo^fArO*— ioo*~<*^ 
aOQO<-*>Oinm< 7 v nnf r icg 
Mg-mN^O^oO't^ 
O 00 O^OOOOO*H 


n (n O' N CO 

>j* O' ao 'fr >J* 
N O *4 ^ v /5 

** s? \S\ in 

o eg o m o 


t /> 
CL 


«* ^C 0 r- 4 NN 4 'nvi't^O 
^lTiLf\st' 4 '^^^^ HvOC7 '~ 
OM^oir^Nf-nn^M 

rg ►OOOO^OAJO^O'0^04’ 

, i i i t • i i i «M ( 

O II H 


otnO'Oor-o^aooaootf'OOO'HOsQr-torgorn 

,,,,,» iin ♦< i ••*•♦» 'r- • * ’ 

|| .-4 p 4 If ~4 -4 r 4 


LO 

CL 


X O 0 
a a 

w UJ 

m *■ 

sO — > 

a — » 


— o 


OOOO-OO-'ONO^ 
Qps.r^ArO>f- 0 <\J' 0'-4 
o-toN-46-454^ 


— h- 

Q >* 


^rooor-LA^a'inr^^'-'r^^oovO-o 
§SE 2 oNo 5 o«ao 5 oS 3 Ro!oor 2 £o 3 ooro 0 ;oS 5 -ao^o«o 


Q •* O 


X ^ — 
CL X X 
Q_ Cl 
UJ 

^ X ^ 

— 00 

h- — • 

3 oO tO 

3 ■* Z 

X 'JJ jJ 

corr 
z> ~ 

<✓> a 3 


3 •> 
3 o 
o 
r o 
a.- o 
— o 


N tl S 


< O 


0 DN 00 (sjvj 5 c 0 j-<N^a'Ch^^^o-iog , Lri^'X)Hn'r)v 0 'NjJ-|^'to^ 

SfflON 5 S^vOXNNHOS^-i®^«OOTin^^NN^- 4 ^^^I®'TOO(N 5 

gSS^^S-J^iSi^^^^^egnjrgoegaL 

OOOHoSo^O^O^OinOOONO-NOOO^OOOOO-^ONO^ 

#t,# ^ #,f " <r •— 1 i— 1 1 < ^ ^4 .— « 


< 

Q 


< 

0 


< 

Q 


in m in 
000 
000 
000 
000 
000 


in 

n 

0 

0 

0 

3 

O 

0 

0 

0 

O 

0 


in 

o 

o 

o 

o 

o 


33 



.05831, 1.39801, .05921 


APPENDIX 


o o o o 
o o o o 
o o o o 

O O © © 

o o o o 

st Ln o r*- 
<\j f\i <\i <\j 
sO >0 sO sO 


o o o © o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 

O S 00 ^ O ,-J 
rA f^i rO rO ^ ^ 
vO 'O *0 s0 sO ^ 


o o o o 
O O o Q 
o o o o 
o o o o 
o o o o 

<\J ^ vt lT\ 

4- >*■ 

\0 'O '-0 -0 


o o o © 
o o o o 
o o o © 

O O O O 

o o c o 
'■O t*— co O' 
^ 't 't 
>0 O s0 


o o o o 
o o o o 
© o o o 
o © © o 
o o o o 
o N on 
la in tn la 
'O 'O sO >o 


o o o o 
o © © o 
o o o o 
o o o o 
o o o o 
^ in o n 
m in LA LA 
*0 \Q 


© o © o 
© o o o 
© o o o 
o o o o 
o o o o 

/ ®5 0 s O — » 
LA LA >Q sO 

>*0 sO vO 'O 


b *• * * N 

m r** a- r- 

*— • LA 'A LA r\i-*r'-*HOs|in<30<\jrAf\j 

LA rO fO N- (\|^OvJ‘0'0N0D'O(7 

sf rvj sO 

stOLAO nOOsOON- OOOOO'O 


o>t>tooo{\jinooo>t 

vtO'fAaorvjh-OvfC'^ 

(T'OOO^HOAiOmO 


MfnN'tOTomrnoovO eg ^ in 

»^Ajf\jf^-h-LA m a* ao 

^N-AAjvt-OcoCN—irg O^co 

C0v0'0^0st , iArg>4 , O^ oorALA 

moNfoiAooor^o no® 


rg rsj rg r\j 


O' 4* <N O' Ln(M®NvfONin-'^ 

CN in Aj O O'O'A-^— 'r^rgrvjN-N- 

OnOLAla OfONNAONO'^N 

vOK^OLA ^mN^NO'SvON^ 

O^OLA 0'OONONOCOO> 


ro 0 s A (js h O <3 ^ 

©vOC^>roorO>0^rnO 
NNNOK®N>0N^ 
© O O O O. <\1 O fA 


^lAO'NO'msfin^O LAro^N- 

OOOAJiAOO^N-'OCT'Aj lAA-n*f\j 

<7'C>LAN-O x >C l *A'4’'OrA (7« _J o 
'0*-^'0C7'iANiA,in>tm n h O' 

O'tO'tono'OON o ® o ® 




00 / 7n>tOo®'0®'-<LnN®(%jrsiNQ 


DO>t(7J®N^ 


'0’t>n^®®(Nga'O0'o® N 's0s0't'tjo^v0 


nj*oo>toa s iA-^oooiA;n 


^.° u 3 2i 0 ' 00 ' 00 '" 0 ® oc? ' Q - 00000 - <0 ^ 0 ‘ v1 ^S°o?o^o3o^^o?o5 


w^ifl^! J 25 l ^ ,0:)Xrvi ’^"^ 0^JOn^ 0®7^-<N^J7'^«0NN- l <f* -A A © r ~i <\j re 

n^rM2^5^2iT2 0 ' /,>N t" OC r as, ^ Ln<f ‘ 0 "' L ^ aSr ^ CT ' s0 ^^' , ^ OP ^A;rsjr-^o v t^^w.c7'0^'— t 

+ 2 2 a ^ K -tS^ K ''>NNNaiO^^s 0 ^n^n N ’ 4- A. ^ n r\| LA 

^o^o-noooNo®o® o ^^ooDHO^ONO-^o.toinono^Ow;oooS 


34 


J2690 » 66600000 


APPENDIX 


o o o o 
o o o o 
o o o o 
© o © o 
o o o o 
r- oo T o 
«0 O 'O I s * 
nO '<0 nO vO 


oooooooo 

oooooooo 

oooooooo 

oooooooo 

oooooooo 

^rsir^^u>s0r^00 

*0 'O ■'O *0 '■O 'O 'O 'O 


o in m m n- ^ 

4 - O T rg 4 * r- 

h oo o ^ H 

fD -4 ^ 0 s o 

IT o o o o o 

• ••«!• 

r\j m rn 


roi h o in m co 

s0 oo rO co oo 

ro co in h ^0 in 

pg^OH^onj 

o <n o o o «-< 

I f ♦ • I * 

rg m ro 


•> *. 

cr rg 

•* •» 

eg rg 

•» 

m 

f\i 

so m 

eg t 

r** 

4* 

o 

o -» 

00 

rO 

rg og 

O -4 

r- 

O 

T o 

o o o 

o 

« • 

• « 

* 

t 

eg 

m 

m 



*» •> 




► 

s 






e- o 

oo -4- rO 

00 

o 






rg —4 

T 

NO 

m 


o 






in rC| 

O 

00 

o 

o 






rg in 



o 


o 






O T 

o o 

o 

—4 

o 






* f 

t 

♦ 

• 

• 

• 






eg 


m 


rn 

o 













*0 -> 









o 

•w 

— » 









rg 

Cl 

o 



«* p* 

p 


p 

» 

« 

p 

-1 




00 00 

—4 

— i 

in 

rg 

T 

—4 

*— * 




T <T 

m 

sO 

o 


in 

u 

T Q. 



trs 

4" 

rn 

r0 

m 

i-^ 

-> 

a. 

UJ 



O rg 

00 

»— 4 


o 

4- 


n 

ii 



T O 

T 

o 

o 

o 

r— 4 

-4' 

— * 


3 


i i 

t 

t 

• 

■ 

• 

o 


“5 

a: 


rg 

rg 


rn 


m 

~g 

— «• 

W 

o 









NH 

00 

H- 

Q 







Q 

T 

Cl 

UJ 

Z 







o 

a 

UJ 

X. 

UJ 

—4 ^ 

—i 


—4 


—4 







o 

^g 


in 

o o 

4- 

in 

o 

O H 

—4 

rH 

o 

o o 

o 

O 

o 

o o 

o 

o 

o 

o o 

o 

o 

o 

o o 

o 

o 


35 



SUBROUTING PHEP63AIPHI , EPS) 67900000 

00000b DIMENSION PHI ( l) ,EPS< I ) 68000000 

000005 DIMENSION PH I LD ( lb L ) , E PSID ( 251) 68100000 

000005 DATA (PHlLOm ,EPSLO( I ), 1=1,25 )/ 68200000 

1 0.00000, 0.00000, .01459, .00138, .02917, 68300000 


APPENDIX 


o 

o 

o 

© 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o o 

o 

o 

o 

o 

o 

o 

o 

© 

o 

© © 

o 

© 

© 

© 

O 

o o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o o 

o 

o 

o 

o 

o 

o 

o 

© 

o 

o o o 

o O 

o 

o 

o o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

o 

o 

o 

o o o 

© 

o 

© 

o 

o 

o 

o 

o 

© © 

© 

o 

© 

© 

o 

o o 

o 

o 

o 

© 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o © 

o 

o 

o 

o 

© 

o 

o 

o 

o 

o o 

© 

© 

© 

o 

o 

o o 

o 

o 

o 

5 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o o 

© 

© 

o 

o 

© 

© o 

sfr 

in 

go 

p*- 

oo 

© 

o 

H 

<N| 

m 

<h 

in 

x 

s- 

X 

© 

o 

— * rg 

m 

4- 

m 

X 


X 

© 

o 

p-4 

nj m st 

in 

x 

r- 

CO 

cr o 

00 

c0 

oo 

00 

X 

X 

c r 

© 

O' 

O' 

© 

© 

cr 

© 

cr 

<r 

o 

o O 

o 

o 

o 

o 

o 

o 

o 

-g 


— 1 —4 

—4 

•—4 


p-t 

—4 

—i rg 

>0 

X 

X 

go 

X 

X 

X 

go 

X 

X 

g3 

X 

X 



•o 


f- p*- 

r- 

r- 

r* 






s- h* 

r- 

r- 

s- 

N* 

p*- 

s- r* 


CO fO '■0 sO — < <N © 
-4* «— I O l/\ <N) CM 
LA <N p-l f\J © in 

o o ^ in -n vO 
o — ♦ o — • o — « o 


m o — * in o *— 1 

m f-* o m x x in 

© X O a v0 N 

00 P-4 *— 4 «— < vj* —4 © 

— < O eg O rg O rg 


LA S- -4 X X 

^ ro 00 h O' O 

s s i-< h m 

IA -h fN X 

O rO O ^ O ^ 


h- ^ <n m in O' rg 

in m x in p*- rg © 

00 ^ O' 'O O M 

h ^4 15 N fri N 

o in o in o c o 


in in oo <\j 0 s rri 

h ® in -g o in in 

—4 m © X X rg 

O' rg vO M N -h 

X o so oooo 


•* •> 

m in 

•ft 

m 

9 ft 9 •> 

*4- © © in 

*» 

CO 

•ft 

o 

•* ► 

m cr 

4ft 

h- 

p*- 

•* 

m 

» ft* 

s- in 

► ► 

>0 x 

► 

—4 

► 

► p * 

x in p -4 

»* » 

cr m 

* 

ft* ft* 

x r- 

Pft 

© 

•* 

in 

«* 

m 

•ft 

n> 

•« 

rn 

o 

rn —4 

f 0 

xj* —4 X S“ 

X 

X 

rg rg 

© r- 


X h* 

>*■ X 

rg 


m cr *o 

o X 

rg 

m 

in 

-r 

p- 

© 

r~4 

<r 

X 

X X 

*-g 

rn O' ^ in 

in 

O' 

>0 in 

x 

X 

r- 

X N- 

O K 

X 

X 

*j-oos 

o ^ 

—4 

© 

rg 

rg 

vT 

o 

r- 

^4 

© 

in o 

m 

<— * m —• s*- 

—4 

cr 

-- rg 


X 

r-l 

i""4 ^4 

X -* 


—4 

o — * tn 

rg o rg m 

rg 

rg 

rg 

© 

rg 


rg 

o o 

• • 

ft 

0-4 0 -4 

• • • • 

O *-g 

• ♦ 

O rg 

• ft 

o 

* 

rg 

* 

o 

• 

m 0(^0 ^ 

o in o in 

• ♦ * # 

o x 

• * 

© 

ft 

go 

• 

o r- 

* • 

O 

• 

X 

ft 

o 

• 

X 

» 

o 

• 


m^cgmo— <000 S —00'— »rgO — * cO **$■ x rg eg o X © N O n 

-^insNO'®- ( NO'Ooorfioso , 't®flo^O'in't^'0^'tin^^'t'toco.o^^T 

'^NOO'fOiAin'tiAiAO v vOO'ONS i O' N r s, ^^ <N JOO^O'S-O^Htr\r r l^rniAOOOCO 

ooj'-Hst— <00— < ► r-.^rg^p'-rgrgrgr'-rg * in inj n Mr 

OOO-iO^OHO'OMOMOfVJO^O^O'-itOinoinO^OvOO-OsO^OCO 


II 


II 


O ro -n n n in >)■ o s 
S-0OS -— -t 
m 

00-40— ♦O-'O'-' 


wnia^co'bo'^h 
^-Iph^-40'0^7' 
JvOO-OO'^NS^ 
00— »0g— in— IQ— I X 
O-Orgo^NjOnon 

OJ ••*••«• t 


SsO^'t^iAONO O 

OO o O o s s o O N* © 
s- t J t) ^ co o © tn o 

>t Q.O'toinomo 

• UJ • ••♦*♦ • 


m oc^o^’^NO' 

‘trNKJ ONN'OSO 

g O co N -conjin^g 
gOSHOSO^O 


fr***.**.*.*.*.©******.***.*.*© - ► ► ► - 

vOsh , n'tooor-*in j ^ co ^ s 'Aid o ^ o j ^ o^s o ^ -t j-o ^ nj f\n 

NC v vtO'Nin'>Occ>HNnj^in,'nf\jnjooocoM^f\jo^^mf> ^ n o- - ^ rg o 0 
(NJ'NJO'lO^nj-tT'ni ^ -O O vO 5 s OS^sr^OCn^^O^^^Nl^^OS'fl 
OSO'.trHvO-'S^lO-i^-HSHN^O-'l X — l — 4 0Mr-iMn\a. ^M-IM'O 

OOO^O^O^O'-NONOlMO^O^O-tOinOiAO'OO'OOwSo.DO'C 



in 

m 

=n 

o 

o 

o 

o 

o 

o 

o 

© 

o 

o 

o 

o 

o 

o 

o 


36 


03011, .92623, .03063, .93993, .03115, 72100000 


APPENDIX 


oooooooooooooo 
oooooooooooooo 
oooooooooooooo 
oooooooooooooo 
oooooooooooooo 
rvjrr> 4 .ins 0 f'-C 0 < 7 'Oi-*f\Jr<'i' 4 *m 
rsjfsjrsifvjrsifMfvjrgrnrnmp^rofn 
r*a» h- r** ^ p**- r** - r» r*** h* N ^ n 


0000000000000000000000 

oooooooooooooooooooooo 

oooooooooooooooooooooo 

oooooooooooooooooooooo 

oooooooooooooooooooooo 

> 0 r^ 00 OO—»f\jr^ 4 , in> 0 h*Q 0 a'O^rsim^tir»' 0 ^ 


o O o o o o 

o o o o o o 

o o o o o o 

o o o o o o 

o o o o o o 

00 O' O H (NJ 

\n in *o o >0 

h- h* r- n k r- 


o ro >f >0 

O'OO ^ 

oo rn h >o 

r-> rn rO 
CT o O o 


ornomHoo^si-aotn 

^ooo^co^vt'O^O' 

OrrisO>t— i N ^ 

nO^ONONOmO 


omAimO'Ocnrgoco 

SOrOsj-r-iNr-a'OOCO 

Q 0 lTkf^lACT % t^* 4 *lAa'>O 

fOOsTO vtOiAOlAO 


CT'iri<J s (^sOr<"}^sOaor\i O >0 if\ 

vO^N^CT'NNM'OO O ^ ^ 

>0 ^ oo rO O' LA - < s 0 <"A sO^ooh- 

O O m ^ 

sO O --0 O P"- O oo o ® O CT'O^O 


o oo (\i <\i ^>^^m^i<roorsj^rn ^Ln^gr-oorn^soro^ copnin^^'OP , *HOH 

^ ifi o o ^Nj-r-oLTi^oN^ON ^ o >t ^ ^ ^0 a n^o ir> ^ cr m vo-tsoo 

(\J rn ^ v 0 M/^O'J’NO^'OOO^ OinrOCOLn^NP r 'C'^ ^^moOsfOCO<NvO< 

rn o ro 'O r0<Njcn00'4*>J-Nj‘O't , Lri vO'O'OH^ON'flOsj'ON- 

OOOO O^O^ONONOrO O'tO'tO^OlTiO'O OvOOP^-OP^OaCOoo 


Nf N>f H 

(NJ ( 7 s A —* 

r- sO o 

^ N vO 00 
O O O O' 


» » ». » m •.*.».**>#.*»<>*#«o»>* h * i ** , **'***A ► ****• ► 

f\l-4’vd'«t<N^^P* , ~P , ^C7 v r\|P^C7 s vOvtiT'OOiriif>oOf^O(NJO(7'OhN'tNINHO'000(NCPOrOON -O 
^-Hin<JHNM c Doo(7''00(^p'0’^ooirihO'>op , '^i/> f <i^' J f^N^N^o^CJMcoNin^oiri 

>0 rA oo A •OCOOOoO^rOsOCOO' «.(MHO^O v 'ON®'tO •.sOrg^ fr '^‘A^'O<^N0 ^ h- ^ P^ 

on rsj m — i o' ro ^ sj*Ovt' 0 't^^' 0 N^NinN-^rnir\a 0 v 0 -<f r iN 0 a 0 'Urn 0 ^^sr' 0 ' 0 ( 7 '^'t -0 

CT'OOOOOO— 4 O<NO'NO 0 nor\I^ONfO\^OLnOiACJU , >' 0 O' 0 Or* , ^Or s »O 00 ON- r X)OC 7 N O 


M 


II 


II 


^ 0 '-*taOO^Nrna> 4 *^tn' 4 -stOO , -H-rvaOCT s r^rNj^'nrgO^JOoOsOPM^'J“ONi , ™< 0 '-<' 4 -LANt 

^ o rn ;a oo n a o o o o so — < A o ^ A < — • a a 

o^ooaoHOHOMONo^aoPiOvrowomooQ.ooosoNO»ocoo.o^oo 



• fb p> Q •> •,•.*•.*.****• 3 ► ***►**►• •*3 3 * * ~ ~ 

pniPiNfnjnovfpo^N'O^^^j.o s 0 P^O 4 -Lri^f^-P wr vi 3 ^*si^NfsO' 0 ^cc 'O n — i ^ ^ co ^ 

^ 0 - 0 O'HMijf\^ 0 H( , 0 NO , 1 0 C 0 a'iri»-'OO^lf\O' 30 a'OC'i-lHOfT'« 0 'tMSO 00 NN'- , O ,r lrf|^ 

rsj o^xoor^r^OirNro—^unp^ooifsj-j i^ro^L^^oo^oio- < v ^ o >t ^ n o Xian-^n- 
t ^ ^ .n Np o 't o. o ^ 'xi -o in rg -n n o o. m -o ^ o m o o ^ oo.cc o a a 
^OO O-'OO-HO— ^O N'O^O^^O^O^O-irt'OiflO'-OOOOP-ONO-OO-tO^ o 


4tt99«t»»t |t|l||««lt l|«9'*l«iv V 

< 1^-4 r-i — 4 — J —4 < —I —I —4 — « ~4 < — < — » —4 — 1 <—« 



m 

l A 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


A 

A 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 


37 



APPENDIX 


oooooooooooooooo 

OOOOOOOOOOOOOOOO 

oooooooooooooooo 

OOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOO 

O' 

sO 45 s0 vO 'O 'O n e- p— p- p*.- e»- p— ^ 


o o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o o o 

o 

o 

o 

o o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o o o 

o 

o 

o 

O O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o o o 

o 

o 

o 

o o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o o o 

c 

o 

o 

o o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o o o 

o 

o 

o 

o 

CM 

3 

4 

in 

45 

r^ 

00 


o 

*-4 

rvj m 

m 

45 

r*- 

00 CO 

CO 

CO 

CO 

oo 

00 

00 

oo 

oo 

O' 

O' 

O' O' O' 

o 

O' 

O' 

h- e- 

h» 

h- 

r*. 

N 

r- 


N 

e- 


p- 

p- e- p^ 

I s - 

p- 

e- 



'O 00 h 

P- 

n 

H 


eg 

4 

r- 


3 

O' 

O' 

P- <3 

3 


vO 

O 

~4 


nO O' 

o 

45 e- 

o 







n 

p- 

p- 


4 

3 

O' 

n 

in 

eg 

eg 

n in 

>* 


O 

in 3 

CM 

O 4- 

O' 

in o 

3 






nj p- n 

s0 

—4 

in 


C0 4 

0 

eg 


O 


S- 3 



^4 

0 0 4* 

O' 4> 

45 

o 

45 

3 






*—i n -0 

n 

CM 

n 


p- 

n 

m 

0 

O' 

n 

O 

in N 

n 


o 

in 

00 

4- 

45 3 

O 

eg 

^4 

O 






o o o 

o 

•-H 

o 



3 

eg 

o 

eg 

O 

m 

O gf 

o 


in 

o 

in 

O 

O O 

no 

O o 

O 






f\i f\J 


eg 



eg 


eg 


eg 


eg 

eg 



eg 


eg 


eg 

eg 


rc 






! 

ft ft ft 

00 3 P- 

*• 

3 

► *. 

CM fSJ 


► 

eg 

ft 

4 

ft 

r- 

•> 

00 

«. 

m 

*> 

n 

ft 

r*- 

ft ft 

r- 3 

ft 

in 


ft 

o 

•. 

n 

ft 

«* 

nO 

** ft 

O O' 

ft 

in 

ft •. 

O 3 

ft 

in 






4 m o 

n 

3 O' 


CM 

oo 

n 

re i 


o 

m n g- 

in 


o 

o 

3 

o eg 3 

rg 

in 

45 

r- 




Q 


p- 3 e* 

00 

n 3 


in 

^4 

m 

O 

^4 

<*n 

O' 

n so 

r- 


3 

o 

3 

4D 

in 

—4 

O 3 

O' 






45 3 v0 

oo 

45 

4 


n 

o 

n0 

n 

n 

eg 

in 

3 in 

in 


in 

3 

4* 


4-0 3 

O' 

f— <1 

O' 




i/j 


o o o 

o 

o 



O <M 

O rg 

o 

m 

0(3 0 



o 

in 

O 

so o e~ 

o 

3 

O 

o 




Q. 

LU 

; 

eg 

mi 


CM 



eg 


eg 


eg 


eg 

eg 



eg 


CM 

eg 


Ml 


3 




-= 





M 










V 













-J 






— * 






















« 

t— i 


► 

* 

ft. 

* 

in 

•. 

ft 

ft 

•» 

»» 

ft 


»> 



ft 


»• 

ft 

ft •» 

ft 

•• 

•t 




3 

X 


oo n o 

*~4 

00 

m 

CM 


4 

n 

n 

m 

3 

in 

— i eg 

pft 

in 

0 3 

3 

inoe 

p^ 

CO 

3 

O' 



O 

Cl 


'tmM 

CO 

SO 

O' 

CM 

P- 

n 

CM ce 

oo 

P^ 

in 

eg o — < 

eg 

in 

3 

4- 

45 

3 O 

3 

o 

eg 

e- 



eg 

ft 


—* r- m 

4) 

o 

n 

•» 

n 

4 

in 

eg 

g* 

O 

3 

3 st 

in 



-H 

eg 

in 

—4 GO 

n 

4* 

4* 

45 



M 

*H 


o n n 

n 


45 

-w 

n 

o 

Ml 

n 

00 

n 


in •»* 

■n 

o 

CO 

m 

nL) 

4* m 3 

0 

rg e- 

O 



4 

in 


o o o 

o 


o 

O 

i^J 

3 

eg 

o 

eg 

3 

(3 

o o- 

o 

Ml 

4- 

O 

in 

o 

vO o 

pw 

3 

O' 

O 



in 

eg 

z 

• • • 

« 

t 

t 

CM 

• 

« 

• 

• 

• 

• 

ft 

• « 

9 

CM 

• 

• 

• 

9 

ft ft 

• 

• 

* 

• 



45 

•* 

z _ 

eg eg 


eg 


M 

CM 


eg 


eg 


eg 

eg 


ii 

eg 


eg 


eg 

eg 


eg 




eg 

Ml 

1 





i— ( 






















O' 





























in 

— « . 

§ 



























-4 

3 

I 

ft ft ft 

». 

*t 


*— 

•> 

ft 

ft 


#. 

» 

ft 

ft ft 

ft 

ft* 

» 

•• 

ft 

ft 

► •> 


ft 

•p 

ft 

M 


4* 

w 


eg 4- oo 

m 

O 

4 

w 

00 

m 

^4 

•TO 

r- 

eg 

O' 

3 Ml 


— * 

O 

O 

P- 

O' 

3 3 

i 

3 

3 

—4 

O 


ft-4 



n n -h 

4 n 

00 

O 

4 


3 

n 

—4 

m 

e- 

3 

o 

3 

N- 

in 

n 


p- in 

O' p^ 

3 

O' 

3 


ft 

a. 

“ 

n eg s 

p- 

n 

CM 

3 

n 

3 


3 

eg 

o 

O' 

-4- e- 

.3 


3 

n o> 

3 

eg P- 


3 

P- 

Kw 

3 


3 

UJ 


45 mi 45 

r- 

n 

3 

cO 

n 

O' 

n 


o 


n 

e- n 


n 

n 

— < 

4- 

O' 

4* 3 

3 

4* 


n 

O 



»• 


0 3 0 0 

a 

— 4 

a 

o 


3 

CM 

o 

m 

3 

rn 3 

4- 

a. 

o 

n 

O n 

O 45 

O 

3 

3 

o 

o 



— - 


• ft ft 

* 

* 

ft 

UJ 

• 

* 

• 

ft 

ft 

• 

« 

ft ft 

* 

UJ 

ft 

• 

* 

9 

• • 

« 

« 

* 

• 

ft 


i—4 

3 


N 

CM 


CM 

«> 


eg 


eg 


eg 


CM 

eg 



CM 


eg 

eg 


CM 


3 

o 


1 

— 

z 


























r— ^ 

3 

















ftH 











O 


X 






w 





















Ml 


a 


•l » ft 

ft 


» 

o 

*» 

ft 

ft 

«£ 

ft 

«. 

ft 


ft 

3 

ft 

•ft 


•> 

ft ft 

•. 

■. 


•> 

ft 

ft 

< 

■— 


O CM — 1 

in 



-J 

3 

4 

in 

eg 

O' 

n 

3 

m —< 

3 

-J 

n 

eg 

in 

3 

3 n 

in 

4* 

3 

O 

O' 


o 

a 

- 

CO <f rg 

O' 

n 

•—4 

ft— 1 

3 

O' 

in 

3 

o 

eg 

3 

e- in 

3 


o 

eg 

in 

3 

O' sO 

CM 

45 

•4* 

eg 

m 

If 

_J 

3 


ONvf 

n 

O' 

n 

X 

in 

4 

m 

3 

eg 

^-4 

n 

3 O' 

n 

X 

eg 

Ml 

4- p- 

3 O' 

3 N- 

Ml 

3 


3 

U- 



O' 4) 4 

o 

O' 

n 

a. 

a\ 

n 

^-4 

n 

I s - 

0 

<3 

n t 

A 

a 

p- 

in 

4- 

4- 

3 n 

eg 

eg 

3 

3 

4“ 


H 

t— 


4 0 0 

o 

3 

3 

■w 

-a 

3 

Mi 

3 

eg 

o 

•3 0 3 

o 

* 

4- 

o 

n 

3 

45 O 

p^ 

O 

O' 

3 

-H 

—4 

»-* 

-L 


• ♦ t 

ft 

• 

« 


« 

• 

ft 

• 

* 

ft 

• 

• • 

• 


ft 

• 

■ 

• 

ft ft 

• 

• 

« 

■ 

ft 

3 



:= 

— i rvi 


eg 


< 

eg 


MJ 


Ml 


Ml 

eg 


< 

Ml 


eg 


eg 

eg 


eg 


3 

^g 

— • 

—i 






h— 










p- 












ft-4 







< 










< 











3 

X 


- 





o 










3 











n 

a. 

O 



—4 

»— i 



< 4 

ft-4 



— i 

r^"4 

ft»«4l 

— i — i 





—i 

H 



—4 

r—4 

«— 4 

-4 





a: 

o 

H— O 

lu z: 
i-u 


o 

mi 


in 

in 

n 3 

3 

4 

n 

o 

o 

3 O 

—4 

Ml 

Ml 

o 

o 

3 O 

3 

3 

o 

3 

o 

o o 

3 

3 

a 

O 

o 

o o 

O 

3 

o 

o 

o 

o o 

O 

O 

o 


38 


SUBkuUT IN t PHt P64( PH I » EPS) 79800000 

000005 DIMENSION PHI ( l ) » EPS ( 1 J 79900000 

000005 DIMENSION PH IL D ( 201 ) , E PSLD ( 2C1 ) 80000000 

000005 DATA ( PH I LD (I) , E PSID (I) , 1= 1 , 25 )/ 80100000 

1 0.00000, 0.00000, .01568, .00233, .03136, 80200000 
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SUBROUTINE PHP S6 3A ( PH I ,P SI ) 156500000 

000005 OIMENSION PHI( 1) ,PSI<1) 156600000 

000005 OIMENSION PH IL D ( 25 1 ) , P SI LD ( 2511 156 7000 00 

000005 DATA (PHILOU) , PS1LD4 I 1 , 1=1 , 25 1 / 156800000 

1 0-00000, .15517, .01461, .15507, .02922, 156900000 
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Figure 1.- Illustration of transformations used to derive airfoils and calculate 
pressure distribution. (From ref. 1.) 





-chord ratio for NACA 64-series airfoils. 
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y variations for 12-percent-thick airfoils. 




y variations for 12 -percent-thick airfoils. 
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Figure 5.- Variation of design lift coefficient for NACA 64-series 12 -percent-thick airfoils. 
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Figure 6.- Variation of mean line loading for NACA 64-412 airfoil. 
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Figure 8.- Mean lines for NACA 6- and 6A-series airfoils. 
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COMBINED 6-SERIES MEAN LINE CLI=1 -0 fl=l -0 CLI=-0-8 A=0-6 

Figure 9.- Combinations of mean lines for NACA 6-series airfoils. 
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Figure 10.- Comparison of computer-generated ordinates and previously published 
ordinates for leading-edge region of an NACA 64A015 airfoil section. 




